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1. Introduction 

1.1. Background 

Process and device design for modem integrated circuits depends on a complex interrelationship 

of manufacturing techniques, physical phenomena, device requirements, and designer experience. With 

increases in integrated circuit complexity and decreases in device feature dimensions, computer-aided­

design software has come to play an important role in product development. It is now practically incon­

ceivable that an integrated circuit could be designed without the help of circuit simulators such as 

SPICE [Nag75] and layout routing tools such as TimberWolf [Sec85]. Most commercial enterprises 

involved in chip-making have robust software and computing environments available for IC simulation, 

routing, and design. Such is however not the case for process and device modeling. Despite the many 

successes of device simulators such as PISCES [Pin84]] and .MINIMOS [Sel80], and process simulators 

such as SAMPLE [Old79] and SUPREM [Ho83a], process and device simulation is not nearly as well 

established in industry as circuit simulation and layout automation. This is evidenced by the fact, that 

whereas it is now nearly impossible to design a circuit without a circuit simulator, it is still possible for 

device and process engineers to do their jobs without availing themselves of the software capabilities at 

hand. 

Process and device modeling is a difficult task given the variety and complexity of physical 

phenomena which must be considered. Even when the physics of a certain situation can be reduced to a 

handful of equations, often algorithms for numerical solution require computing power beyond that 

readily available. The challenge for process and device simulation involves developing accurate 

models, determining parameter values for those models, and then implementing algorithms which per­

form the necessary calculations in a reasonable amount of time. To achieve these goals, many existing 

simulators depend on simplifying assumptions which restrict their applicability and accuracy. 

SUPREM-ill [Ho83b] only handles diffusion and oxidation in one dimension. SAMPLE-1.6a [Add85] 

requires planar layers for lithography and etching simulation in two dimensions. Additionally, many of 
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the physical models used by process simulators are heavily dependent on empirical results. SA!vU'LE. 

for example, requires experimentally derived development rate equations and curve-fitting parameters 

for each photoresist material it is required to simulate. The empirical nature of many of the models 

limits the range over which input parameters may be varied and thus limits the usefulness of the simu­

lation software. 

New versions of these programs, however, are closing the gap between process simulation and 

process reality. SAMPLE-1.7a [SAM88] includes models for non-planar etching, and advanced resist 

chemistries. A program for development rate parameter extraction, PARMEX [Bel88J. will soon be 

available for rapidly characterizing photoresists for SAMPLE. SUPREM-IV [Raf86] handles diffusion 

in two dimensions. CREEP [Sut87] is a new program for oxidation, annealing and reflow simulation. 

CO:MPOSITE [Lor85] includes many improved etching models as well as providing an extensive library 

of topography, diffusion and implantation simulation programs. 

Advances in process simulation are moving in the direction of complete three-dimensional model­

ing. Already, the program SPLAT [Toh88] is capable of simulating the variation of light intensity 

throughout a field on a wafer in to a microlithography system, including the effects of lens aberrations. 

Future work will involve simulating resist dissolution and pattern transfer in three dimensions in order 

to give a more complete physical picture of process phenomena. The advances in physical modeling 

for process simulators, coupled with the recent availability of powerful "super-minicomputers" indicates 

that this !Tend towards improved process simulation will continue. 

1.2. Problem of Process CAD Integration 

One problem that has arisen as a direct result of the increased number of simulation programs 

available, is the difficulty of passing data from one simulator to another. Production line processes 

depend on the interaction of several different processing steps. Existing process simulators generally 

concentrate on only a certain fraction of possible processes. For many research and design applications 

this is sufficient, but there is now a more pressing need for integrating the many available CAD pro­

grams for process simulation. It is also desirable to use process simulators to create input data for 
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device simulators so that the electrical characteristics of a given device can be examined with respect to 

process variations. Additionally, process simulators should be connected to the layout so that the effect 

of design rules and mask alignment on topography can be considered. 

The latter problem of connecting the layout to the simulator has already been addressed by 

SIMPL-1 and SIMPL-2 [Gri84], [Lee85]. Both of these programs were designed to generate a device 

cross section along a cut-line on the layout based on a process flow description. SIMPL-2 can represent 

a device cross section using arbitrary polygons and is therefore quite general when it comes to describ­

ing a device geometry. SIMPL-2 lacks sophisticated process models, however, and is thus of primary 

interest to layout designers but not to process engineers. SIMPL-2 offers rigorous simulation only in the 

case of metal deposition, in which case SAMPLE is called. SIMPL-2 also lacks many convenient 

features from a user's point of view. The graphics are slow and it is not possible to manipulate the 

display easily. 

SIMPL-DIX [Wu88a] solves many of the problems of graphics and user friendliness by providing 

a design interface using the X window system [Sch86]. SIMPL-DIX also supports a variety of features 

for analyzing the effects of mask misalignment (WORST), problems due to the layout and geometric 

effects (HUNCH), and characteristics of the simulated device profile itself (CRffiC). Furthermore, 

SIMPL-DIX combined with SIMPL-2 is well positioned to fill the need for an integrated design 

environment, providing for the flow of information between process simulators as well as acting as a 

front-end input generator for device simulators. Some initial work in integrating the SI11PL programs 

with CREEP, SUPREM-III and PISCES-II has recently been reported [Wu88b]. Figure 1.1 presents a 

summary of existing and proposed tools integration using SIMPL. 

1.3. Project Overview 

It is the intent of this project to demonstrate the feasibility and flexibility of Sl11PL as an inter­

face to process and device simulators. The usefulness of this approach will be demonstrated as SIMPL 

is applied to a few selected problems suited for analysis with these programs. SIMPL has been con­

nected with RACPLE [Lee83] for analyzing topography dependent resistive and capacitive parasitics. 
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SIMPL is also used for displaying the results of non-planar etch simulation using SAMPLE-1.7a. This 

report details the new algorithms and interface code needed to integrate RACPLE and SAMPLE non­

planar etch with SIM:PL. These integrated CAD tools are applied to problems of multilevel planariza­

tion schemes and dense interconnect technologies. Finally, based on experience derived from working 

on_ this project, several suggestions for improving the SIMPL programs are offered. 
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2. A General Approach to Software Integration ·with SIMPL 

2.1. SIMPL-DIX and SIMPL-2 

SIMPL-DIX and SI.MPL-2 are two separate programs which, together with SI.MPL-1, form a suite 

of programs known generically as SIMPL (SIMulated Profiles from the Layout). It is worthwhile to 

understand the capabilities and purposes of these programs in a general way before considering their 

specific implementations. SIMPL-2 was originally developed to allow a layout designer to rapidly deter­

mine the cross section of a device which would result from a particular layout To achieve this, 

SI.MPL-2 uses arbitrary polygons to represent device cross sections. Crude, but fast models for simulat­

ing deposition, etching, exposure, development, oxidation, and ion implantation are available. SI.MPL-2 

is capable of displaying two-dimensional process effects such as "bird's beak" oxidation, lateral 

diffusion under a mask edge, and undercut in etching. A link to SAMPLE for rigorous simulation of 

metal deposition is included to describe sidewall and step coverage accurately. Using SI.MPL-2, it is 

possible to generate a realistic cross section of a device such as the Berkeley CMOS inverter [Gib86]. 

SIMPL-DIX was developed to provide a high-level graphics interface and convenient user 

environment for programs like SI.MPL-2. A major goal of SUv1PL-DIX is to provide an environment for 

integrating dissimilar process and device simulation programs. SIMPL-DIX uses the X window system 

for displaying graphics information and for generating a menu-driven user interface. SIMPL-DIX 

currently invokes SI.MPL-2 to create the database needed to describe a device cross section. SIMPL­

DIX also maintains its own database for describing all polygons in a profile, but this database is pri­

marily intended for storing graphics information and thus lacks many of the features of the SI.MPL-2 

database. For example, SIMPL-DIX does not maintain data describing polygons adjacent to a given 

polygon, whereas SI.MPL-2 contains the material type and relative location of all polygons sharing a 

boundary or vertex point. 

In addition to the link with SI.MPL-2, SIMPL-DIX has a number of internal tools to assist the 

designer in performing and analyzing simulations. This points to the ability of SIMPL-DIX to analyze 

a profile or layout generated by other programs. The HUNCH feature allows a designer to specify 
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logical operations between masks or sets of mask to identify locations where topographical problems 

are anticipated. The CRITIC feature is currently being developed to allow aspects of a device profile to 

be investigated automatically. 

The SIMPL programs together form a suitable design environment for process and device simula­

tion. SIMPL-DIX provides a convenient graphics and user interface, whereas SIMPL-2 maintains the 

most complete data base for describing device profiles. The original goal of SIMPL to link process 

simulation with the device layout can now be extended to include integration of other device and pro­

cess simulators. 

2.2. Profile Data Representations 

Several schemes exist for representing device cross sections. Most can be classified as belonging 

to either one of two types: linked polygons or multiple layers. SIMPL-2 uses linked polygons to 

describe a device profile. This technique offers the advantage of being quite general. Nearly all device 

profiles can be conveniently described in this way. Polygons can be added, removed, or altered by using 

a suite of subroutines to manipulate the database. Figure 2.1 shows the basic setup of the linked 

polygon data structure. 

An alternative approach to representing device cross sections is to use multiple layers. This 

method has certain computational advantages for simulating processes such as etching, resist dissolu­

tion, and deposition. SAMPLE and COMPOSITE use multiple layers to represent device profiles. Gen-

erally, a layer must span the entire length of a simulation window. In regions where no material of a 

given layer type exists, it is possible to specify a layer of zero thickness. Some programs, like COt-.1PO­

SITE, do not require that a layer span the entire simulation window, and instead maintain an additional 

flag at each vertex in the layer to describe whether the point is the starting or ending point of a layer. 

Figure 2.2 shows how layers can be used to describe a profile in SM1PLE. 

In order to integrate programs, it is necessary to translate data between different data representa­

tions. It is not difficult to translate a polygonal data representation into a series of layers. This can be 

achieved by vmting the surface of the profile as one layer, removing one surface polygon, writing the 
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new surlace as the next layer, and so on down to the substrate. Going from layers to polygons, how­

ever, is somewhat more difficult Two contours, describing one polygon, must be identified and merged. 

with extraneous points being removed. Fonunately, there are many special cases where it is not neces­

sary to translate an entire profile back and fonh between different simulators. In the case of layer depo­

sition, only the surlace layer need be sent, and only the new deposited layer must be returned. In the 

case of etch simulation, usually the entire cross section must be sent, but only the new resulting surface 

contour need be returned. In some special cases, it is a trivial matter to include this new contour in the 

original profile. In other more general cases, all polygons above the new contour must be removed, and 

polygons that intersect it must be clipped. This case is not trivial to implement Integrating programs 

which share similar databases, such as COMPOSITE and SAMPLE, or SIMPL and CREEP, is concep­

tually simple but translating among profile representation fonnats can become tedious and time­

consuming. 

A standard Profile Interchange Fonnat (PIF) has been proposed [Duv88] but has not yet been 

fully implemented. PIF is a polygon based data representation which could be used for passing data 

among different programs. It would still be necessary to translate a PIF profile representation into that 

used by a particular program, but the difficulties of coordinating different fonnats would be streamlined 

with such a standard. The problem of tools integration would be greatly eased by a standard fonnat for 

describing device cross sections. The basic concepts of data translation would still be necessary, but 

their implementation would be greatly simplified. 

2.3. SIMPL as a User Interface 

Another area to be addressed involves the convenient input of data to a simulation program. 

SIMPL is a menu driven environment which greatly facilitates its use. A user need not be intimately 

familiar with the specifics of SIMPL in order to get staned with it This menu feature can be extended 

to other simulators called by SIMPL. Input files for a program such as SAMPLE can be built up 

automatically through a series of questions presented by SIMPL. The less time someone has to spend 

learning how to use a program, the more likely that person is to use it If less time is spent writing 
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input files, more time can be devoted to using the program or doing other work. The advantages of a 

menu driven user interface are clear. 

SIMPL-DIX offers several routines for creating menu options on the display, and for prompting 

data input from a user. It is a relatively easy task to create new menu options for SIMPL and instruc­

tions for doing so are clearly spelled out in the thesis on SI:MPL-DIX [Wu88a]. 

2.4. Displaying Data with SIMPL 

It is similarly straight-forward to display data using SIMPL. All of the data structures required by 

the X window system are already set up in SIMPL-DIX. Routines for locating points in the display 

viewports are easily used. Basic X window function calls can be used to display numerical data on the 

screen, highlight certain regions of the display, or draw new information to the screen. The only chal­

lenge in displaying data with SIMPL is deciding precisely where on the screen to put the data so that it 

is most useful and most cleanly represented. Figure 2.3 is an exllffiple of displaying data associated with 

individual polygons in a SIMPL cross section. 

2.5. Unix Interface 

SIMPL-DIX uses the interprocess communication (IPC) facilities in the Berkeley ill-<1X 4.3BSD 

release [Sec85] to provide a connection to SIMPL-2. This method of communication is useful for pass­

ing information to an interactive program. It is also possible to communicate with programs through 

files, by creating an input file for a given program and then using a Unix system call to run that pro­

gram. The method using IPC is more sophisticated in that it allows multiple process to be run simul­

taneously. Unix system calls, however, are easier to implement and are adequate in situations where it 

is not necessary to run multiple processes. SIMPL uses both methods of inter-program communication. 

IPC is used for the SI.MPL-DIX to SIMPL-2 interface since both programs are run simultaneously and 

short streams of data, such as process commands, are continuously sent between them. Unix system 

calls are used to run SAMPLE since large streams of data, such as profile contours, must be sent back 

and forth. Additionally, nothing is gained by using IPC in this case, since SIMPL must wait for the data 



9 

from SAMPLE before continuing. 
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3. Interface to RACPLE for Parasitic Evaluation and SAMPLE 1.7 for Nonplanar Etching. 

3.1. The RACPLE Program 

RACPLE (Resistance and Capacitance of Profiles in Lithography and Etching) is a post processor 

for the SAMPLE program. It calculates the effective ratio of length vs. depth for a thin film deposited 

over a nonplanar surface. The effective number of lateral squares (length/depth) can be used to deter­

mine the resistance along the film or the capacitance across the layer. For a planar conducting layer, the 

resistance is given by 

R =(resistivity )(LID )(1/W) 

the capacitance for a planar dielectric is given by 

C =(permittivity )(LID )W 

RACPLE calculates the effective LID for a thin film by locating critical features in the profile and then 

dividing the film into small sections for which the resistance can be approximated. This approach has 

an accuracy of better than 5% when compared with a numerical solution of the Laplace equation. Care 

should be taken though, since RACPLE does not include the effects of fringing fields for determining 

capacitance. RACPLE should only be used for capacitance simulation if the dielectric is thin compared 

to its length and width. Resistance calculation is accurate for a wide range of geometries. More infor-

mation on RACPLE is contained in the original report on the program [Lee83b]. 

RACPLE is consistent with the basic philosophy of SHv1PL in providing rapid evaluation of a 

device profile with a minimum of computational effort. Despite its limitations, RACPLE is a useful pro­

gram for topography dependent electrical parameter extraction, and is a useful addition to the SIJ\1PL 

design environment. 

3.2. SIMPL - RACPLE Interface. 

SIMPL-DIX is used to generate input files for RACPLE, call RACPLE to calculate parasitics, and 

then display the results along with the device profile. The interface extracts each polygon in the 

SI]vfPL-DIX data base, creates an input file for each polygon, and then runs RACPLE. 
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RACPLE uses the SAMPLE plotting file format (f77punch7) as its input data representation. The 

interface takes the polygon as given by SIMPL-DIX and writes it as a top contour and a bottom contour 

in a SAMPLE format plot file. The polygon as represented in SIMPL-DIX is a linked list of coordinate 

pairs which traverse the polygon boundary in a clockwise direction. There is, however, no preferred 

location for the first vertex in the list The entire polygon must be read in order to determine which 

points make up the top contour and which make up the bouom contour. Figure 3.1 gives the shape of a 

typical generic polygon. The left and right edges need not be vertical, but this is often the case for a 

polygon which touches the edge of the simulation window. The interface traverses the polygon to deter­

mine the relative location of the first vertex in the list, as well as the character of the left and right 

edges. The head vertex is classified as belonging to one of eight types as shown in Figure 3.2, either a 

corner point 0, 2, 4, or 6 or an intermediate point 1, 3, 5, or 7. From this information, the interface 

arranges the points into a top and bouom layer which are written to a file in SAMPLE plot file format. 

Figure 3.3 shows how the example polygon of Figure 3.2 is split up into two layers. 

The routines used by RACPLE expect a high density of points to describe a profile contour, even 

if the profile is a line segment. SIMPL. in order to save space, eliminates redundant points from a 

polygon, so that a line segment is described only by its end points. To ensure computational accuracy 

with RACPLE, the interface inserts additional points in the contours until no pair of adjacent points are 

separated by more than about l/20th the length of the contour. Failing to do this can result in errors of 

as much as 75% for typical profiles, since RACPLE cannot split up the profile correctly if the layers 

lack a sufficient number of points. 

As each input file is created, it is run with RACPLE and the results added to a file called, 

appropriately enough, RACPLE_RESUL TS. The interface uses the Unix system command to call 

RACPLE since this method is convenient to implement and sufficient for the pW"poses of this interface. 

Once all the polygons have been evaluated by RACPLE, the results can be displayed. The interface first 

determiries the dimensions of the display viewpon using global variables in SIMPL-DIX. Each piece of 

data generated by RACPLE is associated with a particular polygon which has one point in its upper left 
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corner. SIMPL-DIX displays the RACPLE data along the top and bottom of the profile viewport and 

draws a line from the data to the corresponding polygon. To avoid a sloppy display with many crossing 

lines, the data is first sorted by the x-value of the upper left vertex of the polygon associated with that 

piece of data. For polygons that have upper left comers with the same x-coordinate, an additional sort 

by. the y-coordinate is performed. The code for most of the routines used in the RACPLE interface is 

listed in Appendix B as file dix_action4.c. The contents of this file are compiled as part of SII\1PL­

DIX. 

RACPLE is called from the CRITIC menu in SI.MPL-DIX which is in turn part of the TOOLS 

option of the main SIMPL-DIX menu, of the version of SI.MPL-DIX currently in use in our research 

group. RACPLE was included as a CRITIC option because it is a program for criticizing and analyzing 

profiles, and thus fell naturally into that category of programs. 

3.3. SIMPL interface to run SAMPLE 1.7 for Nonplanar Etching 

SA.MPLE release 1.7a includes programs for simulating the etching of nonplanar layers [Lyo88]. 

To provide an interface to these routines, an additional command was added to SIMPL-2 to create a 

SA.MPLE input file for nonplanar etch simulation. To begin, the top of the profile, where the topogra­

phy meets air, is traversed by SI.MPL-2 and the points describing this contour are saved in an array. 

The polygon containing the topmost vertex is deleted, unless that polygon has a lowest vertex lower 

than the lowest vertex of any other polygon that makes up the surface. Figure 3.4 shows some cases of 

polygons making up surface layers, and which would be deleted. Once a polygon is deleted, tile nev. 

surface is traversed and saved as the next layer. Once the substrate is reached, all of the layers are writ­

ten to a SA.MPLE input file as parameters for "nonplanar" statements. The database in SI~1PL-2 is 

restored by rebuilding the original topography from data which had been stored in a cross-section data 

file. 

SIMPL-2 then prompts for the etch rates of the materials represented by each layer. Finally, 

SIMPL-2 requests the etch time for the simulation. Usually, SI.MPL requests the etch or deposition dis­

tance and the calculates the corresponding time, but for multiple materials with different etch rates, the 



resulting etch distance is known only after the simulation is run. With the etch rates and geometries of 

each of the layers, the interface creates a complete input file for running the SAMPLE etch machine. 

Using a Unix system call, SAMPLE 1.7a is run with the input file and the results are stored in a SAM­

PLE format plot file. SI.MPL-DIX can display the results of the etch simulation in the profile viewport 

as shown in Figure 3.5. Currently, SI.MPL-2 cannot take the result of the etch simulation and update its 

profile data base, except in one special case: if the etch contour consists of only one material from end 

to end, all the polygons above it can be removed, and the etch contour used as the surface of a new 

polygon to replace the polygon currently cut by the etch contour. This is certainly not a general inter­

face, but it can be useful as will be seen in a later example. A general interface will be available in the 

near future, but is not a part of this project. The routines used for the nonplanar etch interface are listed 

in Appendix B as F77Layers.c. These routines are compiled as part of SI.MPL-2. 
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4. SIMPL for Analysis of a Patterned Photoresist Planarization Process 

4.1. Process Overview 

A standard technique for planarization is etch back of a resist-coated dielectric layer [Ada81]. In 

this technique a dielectric film is deposited over the topography to be planarized. An organic film like 

photoresist is then spun on in such a way as to planarize the entire surface of the layer. The combina­

tion organic film and dielectric are then etched in a plasma environment that has been designed to pro­

duce equal etch rates in both materials. The limitations of this process have been documented [Sti87]. 

The thickness of the deposited film is a function of feature density. As the distance between the features 

increases, the planarizing effect of the film is lost. 

A planarization process using a sacrificial fill layer of pauerned photoresist has been proposed 

which solves planarization problems encountered in both intermetal dielectric for a I .2 micron 256K 

SRAM technology and trench isolation for a 0.8 micron 1M SRAM technology [She88]. Photoresist is 

used to fill valleys in the deposited film. After the dielectric (e.g. boro-silicate glass) is deposited on 

the topography, a photoresist is spun on with a nominal thickness equal to the step height of the under­

lying topography. The resist is the patterned in such a way as to remain in areas where conformal cov­

erage of the dielectric is expected to occur. A second layer of resist is now deposited on top. A high 

degree of planarization exists for the last deposition step since most of the nonplanar regions were filled 

in by the patterned photoresist The etch-back proceeds from this point leaving a planar dielectric layer 

covering the topography. 

Misalignment of the mask used to pattern the first layer of photoresist can be expected to coun­

teract the planarizing benefits of this process and degrade device performance. However, as will be 

shown using process simulation, this masking step has noncritical dimensions and alignment require­

ments. Adding masking steps adds to the cost of the process, but some of this cost may be saved given 

the relatively high tolerance of this masking step to misalignment error. 
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4.2. SIMPL Simulation or the Patterned Photoresist Planarization Process 

This patterned photoresist planarization process can be simulated using SIMPL. The substrate SI 

is chosen to represent some underlying topography. In this case, the topography consists of 1.6/1.4 

micron lines and spaces next to a 14 micron region with no lines. The height of the lines is 0.85 

m!crons. Figure 4.1 shows this topography. 1.5 microns of glass (PSG) is deposited using isotropic 

deposition. 0.75 microns of resist (RSn is deposited vertically on top of the dielectric as shown in Fig­

ure 4.2. This resist is patterned with the mask NB leaving a box of resist as shown in Figure 4.3. 1.0 

microns of a second resist is deposited as shown in Figure 4.4. After using SAMPLE to simulate the 

etch back, the resulting profile is as shown in Figure 4.5. To complete the process, a metal layer is 

deposited on top of the dielectric as shown in Figure 4.6. The complete SIMPL-2 process file for this 

simulation is listed in Appendix A as process.rbx 1 

This process is sensitive to misalignment of the mask used to pattern the resist IJ',TB). The 

WORST feature of SIMPL-DIX is used to shift the mask NB to the right. The result of shifting the 

mask NB to the right by 0.6, 0.9, 1.2, 1.8 microns and then simulating the process is shown in Figures 

4.7, 4.8, 4.9, and 4.10 respectively. Also, if the mask NB is originally too small due to excessive pro­

cess bias, the result is shown in Figure 4.11. At a certain point, the effect of mask misalignment is to 

greatly diminish the planarizing advantage of the process. After 0. 7 microns misalignment, the prob­

lems are severe. 

4.3. Results - RACPLE Analysis 

To get a more quantitative measurement of the effect of mask misalignment in this process, RAC­

PLE can be used to measure the number of lateral squares in the dielectric layer. Figure 4.12 is a plot 

of lateral squares of PSG versus misalignment. For no misalignment and misalignment of 0.6 microns, 

RACPLE measures about 8.2 lateral squares for the PSG layer. At 0. 7 microns misalignment, the RAC­

PLE measurement jumps to 12.4 and continues to climb to 13.9 for a misalignment of 0.9 microns. For 

1.1 microns misalignment RACPLE measures 12.28 squares, and for more than 1.2 microns misalign­

ment, the measurement settles at 11.33 lateral squares and remains there for misalignment of up to 2.4 
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microns. Similarly, for the profile of Figure 4.11, in which the mask t-.rs is biased too small, RACPLE 

calculates 11.83 lateral squares for the dielectric layer. 

It is apparent that the misalignment or mask size error to create a noticeable degradation of dev­

ice performance is on the order of 50% of the minimum linewidth for this example. This supports the 

claim that the masking step has noncritical dimensions. The degree to which the masking step tolerates 

error has been shown here with SIMPL. One interesting feature of Figure 4.12 is the sudden jump in 

the number of lateral squares at 0.7 microns misalignment which settles at around 1.2 microns misalign­

ment. One cause of this effect is the fact that at above 1.2 microns misalignment, the thinning of the 

dielectric on the left side of the structure is compensated by an excess of dielectric on the right side. At 

0.7 to 0.9 microns misalignment, there is a serious thinning on the left side, but no noticeable thicken­

ing on the right. The capacitance across the dielectric on the left side is actually quite high for all 

cases of misalignment greater than 50% of the minimum linewidth, but is compensated on the right side 

if the mask is misaligned enough. 

Using SIMPL, it has been shown that mask misalignment tolerance is good up to about 0.6 

microns for this case, but results in serious performance degradation for further misalignment. The 

effects of altering layer thicknesses, or changing feature dimensions and spacings can be expected to 

affect the misalignment tolerance. These effects can be investigated with SIMPL. 

4.4_ Comments on Approach 

This approach to analyzing the above planarization process can identify certain trends using ele­

mentary models. It would be interesting to include additional process effects and more comprehensive 

analysis of the exact electrical nature of the device. Microloading effects which would cause a variation 

in etch rate across an individual die are not accounted for by the etch simulation models. As a result, 

certain topography effects which might be problematic in real devices are not seen in this simulation. 

Additionally, RACPLE gives only an estimate of the electrical properties of the profile. A complete 

analysis of the multiple parasitic capacitances and even inductances would be of interest 
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5. Application to VLSI Hopfield Neural Networks 

5.1. SIMPL for Neural Network Analysis 

It was originally proposed that the linking of SIMPL process simulation with RACPLE analysis 

could be used to investigate parasitic resistive and capacitative loading effects in highly interconnected 

computational structures such as neural networks. SIMPL and RACPLE have been applied to an 

analysis of parasitic loading in a structure similar to that developed at AT&T Bell Laboratories [Jac86]. 

It will be shown that layout and topographical features in processing do have an impact on neural net-

work performance. 

5.2. Oveniew of a Reported VLSI Neural Network 

The properties of highly interconnected arrays of amplifiers have generated much interest for their 

potential use in a new class of computing circuits. The properties of such networks have much in com-

mon with biological information processing systems (brains) in that they are massively parallel and fault 

tolerant. The basic network configuration is shown at the top of Figure 5.1. Several amplifiers are con-

nected such that each amplifier output is available as input to any of the other amplifiers. The actual 

feedback connection is made with a resistor, and the pattern of resistors in the network determines the 

behavior of the entire circuit. 

The basic operation of the circuit can be described as analogous to the motion of a particle 

through a potential energy field in a multidimensional space. This analogy holds if the matrix of inter-

connect resistances is symmetric. The output voltages Vi of each of the N amplifiers are independent 

coordinates in space. The amplifier gain characteristics are assumed to be symmetric around V =0. For 

this case, the energy function is 

where V =g (u) is the transfer function of the amplifiers, Tii =T1i = 1/ R iJ are the coupling resistors 

between the amplifiers, l!Ri=L, I!Rii and h=O [Hop84]. If the system is put into any particular state 

by applying voltages at the inputs. the energy function gradient will cause the circuit to relax to a stable 
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state which is close to the initial state. This type of circuit can be used as a content-addressable 

memory [How87}. The search operation is done in a fully parallel way and the time to reach a solution 

is determined by the speed of the amplifiers and the time constant of the resistor network. 

At the bottom of Figure 5.1 is a circuit diagram showing the basic make-up of a single neuron. 

The resistances and capacitances, in addition to the resistive weight, are due to parasitics in the VLSI 

implementation of the network. To study these effects, a single interconnect element was fabricated 

with SIMPL. 

5.3. SIMPL Simulation of a Neural Network Element 

Using electron-beam lithography, a 12xl2 resistor matrix that fits into a 6x6 micron square was 

fabricated by a group at AT&T Bell Laboratories [Jac86}. To generate a device cross section using 

SIMPL, the basic geometry of the AT&T device was used. A 0.5 micron thick oxide layer was grown 

on the substrate. 0.1 microns of tungsten was deposited and patterned into 0.3 micron lines and spaces. 

0.1 microns of a polyimide was deposited as an interplanar dielectric (using SIMPL anisotropic deposi-

tion with a 20 degree source angle. A resistor hole was created and filled with polysilicon. Finally, a 

0.1 micron layer of nickel was deposited (using SIMPL vertical deposition). The resulting cross section 

is shown in Figure 5.2. The cut line was positioned such that the profile generated represents one period 

(0.5 microns) of the tungsten line. A second simulation for a cross-over point with no contact is shown 

in Figure 5.3. The SIMPL process file for Figure 5.3 is listed in Appendix A. 

5.4. Parasitic Analysis 

For a planar nickel layer which is 0.5 microns long, 0.1 microns thick and 0.2 microns wide, The 

number of lateral squares is 5 and the overall resistance is 

1 
R =7 .85Q-cmx5x--

0.21JIT1 

The inter-metal capacitance is on the order of 

c =3.9x8.85x w-14.Lx3x0.21JIT1 
em 

Using RACPLE to measure the resistance of the nickel electrode, the number of lateral squares is 7.085 
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instead of 5, giving an increase of 40%. Measuring the inter metal capacitance by running RACPLE 

over the width of the tungsten electrode only, gives 4.7 lateral squares instead of 3, an increase of more 

than 56%. Additional capacitances from the electrode to the substrate are negligible in comparison with 

the inter-metal capacitance. Using these values in the above equations, the total RC of the upper elec­

trode is about 1.0 picoseconds. If there are a thousand such tungsten lines, the total RC delay of the 

nickel line is about 1 microsecond. If we assume an amplifier delay on the order of a microsecond. 

clearly the interconnect delay time is an important mechanism. Topography related effects can have a 

serious impact on neural network circuit performance, since the total distributed RC delay constant of 

the counter electrode increases as the square of the number of neurons. With planarization techniques, 

the interconnect delay can be reduced to improve circuit performance. 

5.5. Comments on this Approach 

SIMPL and RACPLE are in place for studying topography and process dependent effects in novel 

circuits such as neural networks. As demonstrated above, basic trends in the characteristics of novel 

devices can be investigated with integrated process and device simulation. It is worth pointing out that 

industry is not yet developing VLSI neural networks which use processes much different from those 

used for conventional CMOS chips. The interest in neural networks now is in getting the chips to work 

and finding applications for them [Hec88]. Still, many new architectures and designs for VLSI neural 

networks are being proposed, and tools such as SIMPL and RACPLE can be used to provide an initial 

assessment of some of the electrical issues involved. 

It would be interesting to perform a full three-dimensional analysis of the interconnect structure, 

including ones with resistive weights. Process simulation should generate the device geometry in three 

dimensions to provide the right link between process flow and device analysis. The nature of the circuit 

poses some interesting challenges as well. It has been proposed that the stability properties of Hopfield 

neural networks can be related to the properties of individual neurons [Mic87]. This synthesis of system 

theory and device technology should also be brought to the analysis. Rigorous software for process and 

device simulation will be needed for problems of dense interconnect networks in general, and has a 
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ready application in neural networks. 
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6. Future Directions for SIMPL 

6.1. Profile Data Management 

In the area of profile data management, two questions must be addressed. First, what data should 

be maintained? Second, how should this data be transferred to places where it is needed? For SIMPL, 

the first question can be answered this way: SIMPL should maintain a description of a device profile 

which completely describes the device geometry, and materials involved. The profile data description as 

it now exists handles most of this information. However, some additions are needed to completely 

describe a profile. Currently, SIMPL only describes the net charge of dopant contained at a particular 

location in the substrate. This should be changed so that the species of dopant is included. Such infor­

mation is needed for diffusion simulation with programs like SUPREM. SIMPL should also maintain 

information about impurities in materials other than the silicon substrate. No information is currently 

maintained about impurities present in a gate oxide, for example. Another addition to the profile 

description which is still needed is the ability to describe a floating island of material which is com­

pletely surrounded by another material. There are ways around this, usually involving dividing up the 

surrounding material into two parts. Ideally however, the SIMPL data base would handle a floating 

island of material as a normal case. 

The second question involves how data is transferred. Currently, this is one of the major 

bottlenecks which noticeably slows down the performance of SIMPL. SIMPL-DIX and SIMPL-2 use 

files to transfer profile information back and forth. The time spent writing files can be significant when 

large pieces of data must be transferred. It is easy to write programs that communicate through files, but 

it is not very efficient from a user's point of view. In this day of powerful computer work-stations, with 

several megabytes of RAM storage available, SIMPL should avoid communication with files. Instead, 

data should be stored in memory common to both SIMPL-DIX and SIMPL-2. 

Likewise, in the area of communication with other programs, it is desired to get around the need 

to use files. This is not an easy problem to solve yet, especially for programs written in different pro­

gramming languages. There is some promise, however, that a PIF data base will one day become 



available. Eventually it will be possible to send a program a pointer to the root of a data tree instead of 

a file full of data. Without a PIF parser this is not yet a possible alternative, but it should be pursued. 

6.2. Tools Integration with SIMPL 

There is already strong interest in industry for an integrated design environment for process and 

device simulation. SIMPL has the potential for filling this gap, but work remains to be done. SIMPL­

DIX is a suitable framework for creating menu driven interfaces to various programs, but it is not 

always an easy environment in which to do development work. For a programmer wishing to integrate a 

new simulator into SIMPL-DIX, it would be useful to have some sort of library of standardized routines 

from which to build the application interface. Many routines which fit that description already exist in 

SIMPL-2 and SIMPL-DIX but they are not organized in an efficient manner. Many must also be rcv.Tit­

ten in order to be useful for general applications. As it stands now, it often takes programmers several 

months to understand the intricacies of SIMPL. Instead of tracking down routines which already exist, it 

is often easier to write new ones. This only adds to the size and complexity of SIMPL. One might say 

that SIMPL is becoming so convoluted that the name should be changed to HARD. SIMPL, if fully 

integrated with programs like SAMPLE, SUPREM and PISCES, would become a powerful design 

environment. With a standardized approach to integrating new simulation software into its framework, 

SIMPL would remain at the leading edge in the face of rapidly changing technology. Admittedly, this 

would be a major undertaking, but industry would be very interested in a design environment which 

could easily be connected to proprietary device and process simulation software. 

Listed in Appendix C are several of the C functions in SIMPL-2 which are useful for tools 

integration and profile manipulation. This list includes C functions available in the most recent release 

version of SIMPL-2 as well as new ones wriuen as a part of the ongoing development of SIMPL. A 

few routines in SIMPL-DIX which were used in this project are also listed. The routines are organized 

according to their use in tools integration and profile manipulation. It is not an exhaustive list of the 

functions available in SIMPL but is intended as a first step in organizing the routines in a useful 

fashion. 



23 

Another area to be considered is the possibility of integrating SIMPL with the OCTNEM 

environment [Har86]. Many of the software tools needed for integrating Sir-v1PL with other simulawrs 

exists in OCTNEM. Additionally, the issue of upgrading from X windows version 10 to version 11 

would automatically be solved if SIMPL is included in OCTNEM. Once those programs switch to Xll, 

so_ will Sir.'fPL. The trade-offs and advantages of integrating SIMPL with OCTNEM should be further 

explored. Some combination of these options, where SIMPL can be used as a stand-alone environment 

and where it is also available in OCTNEM may be the most flexible and useful approach. 

A standard PIF format is also a necessity in order to pursue the goal of tools integration. It is pos­

sible to develop custom interfaces for each simulation program that becomes available, but the time 

involved is often great If every process and device simulation program communicated with PIF, this 

aspect of tools integration would be trivial. 

6.3. Problems in the Implementation of SIM:PL 

Recent releases of Sir.'fPL suffer from some implementation problems which hamper the 

effectiveness of the program. The biggest problems involve the internal etch simulation models. Many 

standard cases are not handled correctly, and the resulting profiles are incorrect. There are also cases 

where Sir.'fPL-2 incorrectly searches the database, which instead of merely giving a false profile, cause 

the program to crash unexpectedly. The implantation routines often suffer from overflow problems. 

The grid which SIMPL-2 uses to store doping concentration information is sometimes allocated 

incorrectly. The routines are also prone towards developing infinite loops which free.ze the program. 

SIMPL-DIX has some minor problems, generally resulting when some global variable is not reset prop­

erly. Occasionally, attempts tore-initialize Sir.'fPL-2 from Sir.'fPL-DIX are not successful. 

This lack of robustness takes away from the usefulness and credibility of the program. When a 

perfectly normal process cannot be simulated by Slr.'fPL, most potential users simply give up. These 

problems are not due to major shortcomings of the ideas behind SIMPL, but can be traced to problems 

of implementation and inconsistencies in the software. At some point, these implementation problems 

will need to be thoroughly investigated and cleaned up. 
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6.4. Conclusion 

SUv1PL is a useful tool for studying the complex interrelationship of physical phenomena that go 

into modem integrated circuit process design. This project has demonstrated how some basic tools can 

be integrated into the framework of SIMPL, shown how SIMPL can be used to analyze proposed 

pr~esses, and listed some of the work that must be done to keep SIMPL at the cutting edge of CAD 

technology for process and device simulation. It is hoped that this report is a useful contribution to this 

increasingly important field in integrated circuit design and manufacture. 
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Figure 1.1. SIMPL as an all-purpose design interface 
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IJIIERST 

F 
MJ:HJ:MUM 

ANGLE 

SELECT CCH1AND 

RFICPLE EDJ:T RETURN 

Figure 2.3 Example of displaying RACPLE data with SIMPL 

NP II 
N12 EJ 
N13 U 
N14 D 
N15 I:J 
N16 II 
N17 ~~ 

N18 II 
N19 II 
P12 D 
P13 GJ 
Pl4 [] 

P15 lj 
Pl6 II 
P17 II '' 
P18 II 
P19 II 

FIEORT 



Figure 3.1. typical polygon with vertical edges. 

1 

2 

3 

4 

Figure 3.2. head vertex classifications. 

Top Layer Top layer ends here. 

Top layer stans here. 
Split polygon about this line. 

Bottom layer stans here. 

Figure 3.3. polygon split into two layers. 



Case 1. One polygon with top 
vertex equal to highest point 
on surface. 

Case2. Polygon nested in a valley 
created by another polygon. 

Case 3. Multiple polygons with 
vertexes equal to highest point 
in surface. 

Polygon identified as top polygon. 

Figure 3.4. Examples identifying which surface polygon 
would be deleted in the routines to write SIMPL-2 profiles 
as a series of layers. 



DAIR SELECT CCHMAI'ID HP II 
llcoHT H12 ' D 
l]jACTV H13 [] . 

[illHWEL ' Hlc:l [] 
~PSD H15 (J li 
~MTL ·' IE II H16 ;! 

•' 
mPDLY ·' II E' H17 a! ... 

E! 

Eoxro 
e: 

II I! N18 

IINTRD 
I' II -I H19 

II PSG P12 [] ' 

IIMETL P13 [] . 

IIRsT Pl4 D 
[ill] ERST P15 ' IJ 
IJHB P16 II 
mNS P17 II 
IE!lHL P18 II 
(WHG P19 II 

OP SAV 
DEP DEV ETC EXP IMP OXI PRO EDI RET AEO 

FIL PRO 

Figure 3.5 Example of displaying SAMPLE non-planar etch with SIMPL 



SELECT CCJ1HAND 

Figure 4.1 Underlying topography, 1.6/1.4 micron lines and spaces 



Df:UR 

II caNT 

[illACTV 
f'mNWEL LiJ 

~PSD 

~MTL 

~POLY 

l]ox!D 

IIRST2 

IIPsG 

SELECT C0'1HAHD 

OP SAV 

NP II 
N12 D 
N13 !Il 
N14 D 
N15 E 
N16 II 

II 
N18 II 
N19 II 
P12 U 
P13 [] 

P14 [] 

P15 [l 
P16 II 

DEP DEV ETC EXP IMP OXI PRO EDI RET ABO 
FI PRO 

Figure 4.2 After depositing dielectric and flrst photoresist. .. 



o~UR 

llcm~i­

!JTI~crv 

ITIJNWEL 

~PSD ; 
~MTL ; 

e 

~POLY~. 
E 

lloxrn I 
I 

IIRST2 i 

II PSG 

11•1ETL 

~~~ST 

[[]ERST 

~~HB 

mHS 
I!!INL 

QI[]NG 

SELECT CC)1HAND 

DEP DEV ETC EXP IMP OXI 
PRO 

Figure 4.3 After patterning photoresist. .. 

NP -

N12 D 
N13 D 
N14 [] 

N15 E 
N15 II 
N17 II 
N18 II 
N19 II 
P12 D 
P13 EJ 
P14 [] 

P15 IJ 
P16 ~~ 

P17 II 
P18 II 
P19 II 

EDI RET ABO 



DAIR 

llcoNT 

QACTV 

[]NWEL 

~PSD I 

I 
~MTL I 
m L 
~POLY I 

E· 

£!m ID ~ E!Llox ti 
E 

IIRST2 I 

II PSG 

11·1ETL 

llr::sr 

WJERST 

JIHB 
mliS 

l!!jHL 
[illill NG 

SELECT CCJ1HAND 
NP 

N12 

N13 

N14 

N15 

. N16 

. N17 

N18 

N19 

P12 

P13 

P14 

P15 

P16 

OPIISAV DEP IIDEV II ETC IIEXP II IMP IIOXI II PRO IIEDI II RET II ABO 
FIL PRO 

Figure 4.4 After depositing second layer of photoresist. .. 



DAIR SELECT CCl1MAHD HP II 
llcat-IT H12 [] 

[ill ACTV H13 [] 

rm.HWEL r-1 l..WJ H14 I2J 

~PSD H15 fJ 
~MTL 'N16 II 

. ~POLY ··• Hl7 ~~ 
;moxro · .. N18 II 
IIRST2 --- ' Hl9 II 
IJPSG P12 [] 

~~~ETL P13 [] 

II R ST ,__,........,__,.__,.__,.__,..__,_ _ __,...--..--....,.--...,._-.--.....-...--..--....--.---,.---.--...--.--- p 14 D 
[]ERST 

IJNB 
mNS 
IEEINL 
[]JillNG 

DE~ DEV ETC EX~ IM~ OXI EDI ~ET AEO 

Figure 4.5 Topography remaining after etch-back 



SELECT Cc:t1MAND 
NP 

N12 

N13 

OP SAV 
DEP DEV ETC EXP IMP OXI PRO EDI RET ABO 

FIL PRO 

Figure 4.6 Metallization step gives final topography. 



0AIR 

llcoHT 

[]jACTV 

[illillJ HWE L 

~PSD 

~MTL 

~POLY 

OXID 

IIRST2 

11PSG 

IIMETL 

IIRST 

OJ] ERST 

~~NB 

mr~s 

I!!Jt~L 
[ill]NG 

NP II 
1'112 0 
N13 [] 

1'114 [] 

.. 1'115 lj 
. NlG II 
• N17 II 
• Nl9 II 

~~~~~~~~~~~~
~~~~~~~~~~~-

, 

N19 II 
P12 D 
P13 Q 
P14 D 
P15 [] 

PlG II 
P17 II 
P19 II 
P19 II 

BElBEJBEJmJ~BEJEJ 
Figure 4.7 Effect of 0.6 micron misalignment 



DAIR 

llcoHT 
m,....,.......l 
W"'-'' .. 

rmHWEL lilJ 

WjPSD 

~MTL i 
mPOLY 1 
14oxrn I 

I 
IIRST2 I 

IIPsG 

ll"'iETL 

IIRST 

LIQERST 

IJNB 
mNS 

SELECT COI'11AHD 
HP II 
H12 D 
N13 D 
N14 D 

· iiiiiDIII ::: ~ 
illlllllml~l· · Nl 7 11 

~ 

li 
N18 II 
N19 II 
P12 D 
P13 U 
P14 [] 

P15 [] 

P16 II 
p 1 7 Ill ~:~:~;.: 

g ········· P18 II !: ;; :;1;.:·1;1;1;1: ;; ;: ;; ;; ; '1!11!111 ill! iili II IIIII I 1111 I IIIII L 1111111111 Ill II I 4.,,,. -11 I .. plllftgn I II I I h, 

Figure 4.8 Effect of 0.9 micron misalignment 



SELECT CCMMAt-ID 

CREEP PISCES SIMPL TOOLS 

Figure 4.9 Effect of 1.2 micron misalignment 

EDIT 

NP II 
N12 D 
N13 [] 

N14 []] 

.• NlS E 
N16 II 

. 'N17 II 
N18 II 
N19 II 
P12 U 

ABORT 



o~IR 

llcoHT 

Q]ACTV 

(]Jl]HWEL 

~PSD l 

~HTL I! 
!mPOLY ~~ 
&oxiD ~~ 
IIRST2 ! 

II PSG 

IIHETL 

IIRST 

[OJ ERST 

IINB 
IJNs 
l!!lNL 
[illjNG 

SELECT CCl1M~ND 

CREEP PISCES SIMPL TOOLS EDIT 

Figure 4.10 Effect of 1.8 micron misalignment 

ABORT 



SELECT CCI1HAHD 
HP 

H12 

N13 

H14 

CREEP PISCES SIMPL TOOLS EDIT ABORT 

Figure 4.11 Effect of mask NB being too small 



13.0 

12.0 

11.0 

UD 
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0.0 0.6 1.2 1.8 

Misalignment in microns 

Figure 4.12. Effective lateral squares in the dielectric 
versus misalignment of mask used to pattern 
the resist in the patterned resist planarization 
process. 
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Basic schemetic of Hopfield neural network: 

Inputs 

resistors 

Schematic of one neuron: 

Input 

T 
Output 

resistive 
weight 

--

amplifier 

Figure 5.1. Hopfield Neural Network 

Outputs 

amplifier 

T 

T 



QAIR 

OoxrD­
ITIIIllAMT' L -

IIDtfflL 
~POLY 

iENTRD 
~PSG 

lmRST 

II) ERST 

NEW 

PROFJ: 

SELECT CCM-IAHD 
HP 0 
H12 U 
H13 Q 
H14 [] 

H15 I:J 
H16 II 
H17 II 
H18 II 
Hl9 II 
P12 D 
P13 Q 
Pl4 [] 

P15 I] 
P16 II 
P17 II 
Pl8 II 
P19 II 

ZOOM 
FRAME DEFIN DOPIN 

OFF LAYER PROFI 
RETUR ABORT 

Figure 5.2. One interconnect element of a VLSI Hopfield Neural network. 

In this example, POLY is polyimide, PSG is poly silicon, WMTI. 

is tungsten and NMTI. is nickel. The thickness of each layer 

is approximately 0.1 microns. The width of the tungsten lines 

is 0.3 microns, and their spacing is 0.2 microns. 



O~=uR 

Ooxu) 

lllliJWMTL­

IIDHMTL 
~POLY 

&NTRD 

~PSG 

~RST 

IJiERST 

SELECT CCI-1HAtiD 
HP D 
H12 U 
H13 [] 

H14 [] 

H15 [] 

H16 II 
H17 II 
N18 II 
H19 II 
P12 D 
P13 [] 

P14 D 
P15 lj 
P16 II 
Pl7 II 
PlB II 

--~·-······-~-- P19 II 

CREEP PJ:SCES SJ:MPL TOOLS EDJ:T 

Figure 5.3. Counter electrode crossing base electrode in VLSI Hopfield 

neural network with no resistive contact. 

~BORT 



Appendix A 

SIMPL-2 Process Files 



Drv;.~S.~~~~ 
*~**~************************************************************************~* 

LAYOUT FILE : 

SUBSTRATE TYPE: 

CUT-LINE COORDINATES 

rbxl.cif 

p type, concentration lel4 

xl -
x2 = 

-1705, y1 -
596, y2 = 

271 
276 

***********************************************************************~*****~~~ 

* 1 * 

WHICH PROCESS ? DEPO 
NAME OF THE MATERIAL ? rst 
THICKNESS OF THE MATERIAL (micro-meter) ? 1.0 
ISO, ANISO, VERT, or SAMPLE MENU (I,A,V,or S) ? v 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

* 2 * 

WHICH PROCESS ? EXPO 
WHICH MASK ? ns 
INVERT THE MASK (yes or no) ? no 
NAME OF THE EXPOSED RESIST ? erst 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

* 3 * 

WHICH PROCESS ? DEVL 
NAME OF THE LAYER TO BE DEVELOPED ? erst 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

* 4 * 

WHICH PROCESS ? ETCH 
WHICH LAYER DO YOU WANT ETCH ? si 
ETCH ALL (yes or no) ? no 
AMOUNT OF VERTICAL ETCH (micro meter) ? 0.85 
RATIO X/Z OF ETCHING (0.0 <=RATIO<= 1.0) ? 0.0 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

* 5 * 

WHICH PROCESS ? DEVL 
NAME OF THE LAYER TO BE DEVELOPED ? rst 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

* 6 * 

WHICH PROCESS ? DEPO 
NAME OF THE MATERIAL ? psg 
THICKNESS OF THE MATERIAL (micro-meter) ? 1.5 
ISO, ANISO, VERT, or SAMPLE MENU (I,A,V,or S) 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or 

* 7 * 

WHICH PROCESS ? DEPO 

? ' . ~ 

no) ? yes 



NAME OF THE MATERIAL ? rst 
THICKNESS OF THE MATERIAL (micro-meter) ? 0.75 
ISO, ANISO, VERT, or SAMPLE MENU (I,A,V,or S) ? v 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

* 8 * 

WHICH PROCESS ? EXPO 
WHICH MASK ? nb 
INVERT~HE MASK (yes or no) ? no 
NAME OF THE EXPOSED RESIST ? erst 
DO YOU-WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

* 9 * 

WHICH PROCESS ? DEVL 
NAME OF THE LAYER TO BE DEVELOPED ? erst 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

* 10 * 

WHICH PROCESS ? DEPO 
NAME OF THE MATERIAL ? rst2 
THICKNESS OF THE MATERIAL (micro-meter) ? 1.0 
ISO, ANISO, VERT, or SAMPLE MENU (I,A,V,or S) ? i 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

* 11 * 

WHICH PROCESS ? ETCN 
etchrate for RST2, layer 3 (urn/sec) ? 0.01 
etchrate for RST, layer 2 (urn/sec) ? 0.01 
etchrate for PSG, layer 1 (urn/sec) ? 0.01 
etchrate for SI, layer 0 (urn/sec) ? 0.001 
timestep in seconds ? 50 
n~~er of steps ? 4 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

* 12 * 

WHICH PROCESS ? ETCU 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

* 13 * 

WHICH PROCESS ? DEPO 
NAME OF THE MATERIAL ? metl 
THICKNESS OF THE MATERIAL (micro-meter) ? 0.85 
ISO, ANISO, VERT, or SAMPLE MENU (I,A,V,or S) ? i 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

WHICH PROCESS ? END 



******************************************************************************** 

LAYOUT FILE : nn.cif 

SUBSTRATE TYPE: p type, concentration 0 

CUT-LINE COORDINATES x1 -
x2 • 

-59, y1 -
30, y2 -

12 
12 

*******~************************************************************************ 

* 1 * 

WHICH PROCESS ? OXID 
OXIDE THICKNESS (micro-meter) ? .5 
Xt (micro-meter) ? .5 
Xe (micro-meter) ? .25 
ul ? .1 
u2 ? .5 
u3 ? .9 
dl ? .1 
d2 ? .5 
d3 ? .9 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

WHICH PROCESS ? WAIT 

* 2 * 

WHICH PROCESS ? DEPO 
NAME OF THE MATERIAL ? wmtl 
THICKNESS OF THE MATERIAL (micro-meter) ? .1 
ISOTROPIC, ANISOTROPIC, OR VERTICAL (I, A, or V) ? v 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

WHICH PROCESS ? WAIT 

* 3 * 

WHICH PROCESS ? DEPO 
NAME OF THE MATERIAL ? rst 
THICKNESS OF THE MATERIAL (micro-meter) ? .25 
ISOTROPIC, ANISOTROPIC, OR VERTICAL (I, A, or V) ? v 
DO YOU WANT TO DRAW THE CROSS SECTION {yes or no) ? yes 

WHICH PROCESS ? WAIT 

* 4 * 

WHICH PROCESS ? EXPO 
WHICH MASK ? wmtl 
INVERT THE MASK (yes or no) ? no 
NAME OF THE EXPOSED RESIST ? erst 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

WHICH PROCESS ? WAIT 

* 5 * 

WHICH PROCESS ? DEVL 
NAME OF THE LAYER TO BE DEVELOPED ? erst 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

WHICH PROCESS ? WAIT 



* 6 * 

WHICH PROCESS ? ETCH 
WHICH LAYER DO YOU WANT ETCH ? wmtl 
ETCH ALL (yes or no) ? no 
AMOUNT OF VERTICAL ETCH (micro meter) ? .1 
RATIO X/Z OF ETCHING (0.0 <-RATIO<- 1.0) ? .1 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

WHICH PROCESS ? WAIT 

* 7 * 

WHICH PROCESS ? DEVL 
NAME OF THE LAYER TO BE DEVELOPED ? rst 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

WHICH PROCESS ? WAIT 

* 8 * 

WHICH PROCESS ? DEPO 
NAME OF THE MATERIAL ? poly 
THICKNESS OF THE MATERIAL (micro-meter) ? .10 
ISOTROPIC, ANISOTROPIC, OR VERTICAL (I, A, or V) ? a 
SPUTTERING SOURCE ANGLE (degrees) ? 20 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

WHICH PROCESS 7 WAIT 

* 12 * 

WHICH PROCESS 7 EXPO 
WHICH MASK ? psg 
INVERT THE MASK (yes or no) 7 yes 
NAME OF THE EXPOSED RESIST ? erst 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

WHICH PROCESS 7 WAIT 

* 13 * 

WHICH PROCESS ? DEVL 
NAME OF THE LAYER TO BE DEVELOPED ? erst 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

WHICH PROCESS ? WAIT 

* 14 * 

WHICH PROCESS ? DEPO 
NAME OF THE MATERIAL ? nmtl 
THICKNESS OF THE MATERIAL (micro-meter) ? .10 
ISOTROPIC, ANISOTROPIC, OR VERTICAL (I, A, or V) ? v 
DO YOU WANT TO DRAW THE CROSS SECTION (yes or no) ? yes 

WHICH PROCESS ? WAIT 

WHICH PROCESS ? END 



Appendix B 

Source code for the majority of the routines developed for this project. 

dix_actions4 .c 
F77Layers.c 



dix action4.c 'l'hu Dec 1 15:54:34 1988 

t• dlx actlon4.c 
fourth part of SIMPL-DJX action routines. 

See •command_controt.c•. 

• Edward w. Scheckler Nov. lS, 1988 
• Copyright ICI 1988 U. C. Berkeley SAMPLE Group ., 

I Include <stdlo .h> 
tlnclude <math.h> 
tlnclude <X/Xllb. h> 

tlnclude •almpl-dlx.h• 
II nclude •slmpl.h" 
tlnclude •cl f. h" 
tlnclude •command. h" 
I Include "dlsplay.h" 
tlnclude •detault.h" 

,. 
• External declarations. ., 

char •RACPL£ Path; 
extern dlxVIewport DIX_VIewport(VJEWPORT_SIZEJ; 

extern floatVIew Profile VIew; 
extern floatBound Pro!Jle_Bound; 

extern short Pattern_Size; 

extern short Command Id; 
extern short Henu_Jd; 

extern short Cutllne Statua; 
extern short Layout __ Status; 
extern short Pattern Status; 
extern short Profile-Status; 
extern short Protlleframe_Status; 

extern fontinfo "Body_rontlnfo; 
extern Color Background Color; 
extern Color foreground-Color; 
~xtern slmpiPolyqon •srHPL_PolyqonRt; 
static float xleft[50),yleft[50); 
static float squarea[SOI; 
I"" • • "• • 

Routines to call a version of RACP!.F. 

1\rt<led: Oct 74, I 988 f.WS 

I I the file RArPJ~ RESUI~S already exists, then UIX 
assumPs that tt belonqs to the current profile. If not 
such a file Is <:r<•at<•<t hy ealllnq Rl\CPJ.r lor Pilch polyqnn 
In th<" prnlllP. 

1 

lloRacple II 
I 

fiLE •tpp,•fopen(J; 
slmplPolyqon •Polyqonptr; 
char polyname(NAME_SJZ£); 
char junk(80),colon; 
struct float path •Polypath; 
int l,li; 

Polygonptr • SIMPL_PolyqonRt; 
I • 0; 

l!llfpp•!openi"RACPLE RESULTS","r"ll !•NULL) I 
lfiGetYesOrNoi"RACPLE_RESULTS exists. Use lt?")••YES) I 

/•read the file"/ 
fscanflfpp,"\s \s",junk,junk); 
tscanflfpp,"\s \s \s \s \s \s \s \a \s•,junk, junk, 

junk, junk,junk, junk, junk, junk, junk); 
!or(;;! I 
fscanflfpp,"\d",,lll; 
Ifill !• I I break; 
fscanflfpp,"\s",polynamet; 
fscanflfpp,"\f•,,xleft[l)l; 

!scanfl!pp,"\f",'yleft(l)); 
fscanflfpp,"\f",,squares(IJI; 
1••; 

!close I fppl; 
else I 

!closelfppl; 

I 

goto makenew; 
1/•GetYesOrNo•/ 

I else I 
makenew: fpp • !openi"RACPLE RESULTS","w"l; 

tprlntf(fpp,••••••••••-•••••••RACPLE R£SULTS*****************\n•); 
fprlntf ((pp,"Haterlal Type, Head Vertex lx, zt, t of Lateral Squares\n"l; 

whl le (Polyqonptr I· NUL!.) I 
CreateRacplelnput II,Polyqonptr,,xleft(l),,yleft[l)l; 
RunRacplell,,squares[l)); 

sprlntflpolyname,"\s",Polyqonptr->namel; 
!print! (tpp,"\Jd \6s \12.3! \7.3f \9.3!\n",l, 

polyname,xleft[l),yleft[l),squares[l)); 
Polyqonptr • Polyqonptr->next; 
1++; 

I /•while•/ 
fcloselfpp); 
• t•lt•t 

PrlntRacpleDatalll; 

PrlntRacpleData(number of_polntst 

Routine to sort ea<·h row of data by value of 
x coordinate and pr lnt It to profIle viewport. 

RevlsPd li/8/8R EWS 

PrInt ~arpi<•Data {II 
tnt I; 

dlxVlt>wport vlpw; 
lnt max Pf~T row,no rows,no col; 
Jnt )t>fl P<i(Jf',rtr,ht f•di)P,top PdqoP.,bottom_cdqr>; 



d.ix action4.c Thu Dec 1 15:54:34 1988 

lnt wval,hval,xval(SOJ,yval(SOJ,xpolnt(SOI,ypolnt(501; 
lnt Index, J, k, l, lll,klii,Qap,n, flaq; 

flo~t tempx,tempy,tempe,prevx; 
lnt samexl(lOJ,samexr[lOJ,no_eame,ltoh[lOJ,htol(lOJ; 
char value[15J; 

char prompt_strlnq(IOJ; 
Pixel fore,back; 

Fontinfo •font; 
fiLE *fp; 

view • DIX Vlewport(lJ; 
left edqe: GetProflleVlewX(vlew,Proflle Vlew,Proflle 8ound.leftl; 

rlvht edqe- GetPro!lleVIewX(vlew,Proflle Vlew,Proflle 8ound.rlqhtl; 
top edqe- GetProflleVIewY(vlew,Proflle Vlew,Proflle ~und.topl; 

-bottom edqe-GetProflleVlewYivlew,Proflle Vlew,Protlle Bound.bottoml; 
sprlnt[(value,-,f-,squares(OJI; - -
wval • GetTextNidth(value,S,Body Fontinfo!; 
hval • (2•TEXT HARGINI+8ody Fontlnfo->helqht; 

back - Backqround_Color~plxel; 
fore - Foreqround_Color.plxel; 
font • Body_fontlnfo; 

max per row • ((rlqht edqe- left_edqe)/wvall - l; 
lt(l,max_per_row -- o) 1 

no_rows - 1/max_per_row -1; 
I else I 
no rows - l/max_per_row ; 
, /•it•/ 

for(l•O;l<•no rows;l++ll 
lfll••no_rows '' l'max per row !• 01 1 

no col • Umax-per~row; 
I else I -

no col - max per row; 
)/*It*/ , ................. . 
Do a shell sort on each row uslnq x-coordlnate •.•••..........•••• , 
lm • !•max per row; 
forlqap•no=col/2; qap>O;qap/•21 

forlj·qap;J<no r.ol;j++l 
for (k•l-qap; tk>•O " xleft(k+lml > 

xleft(k+lm+qapl);k-•qapl t 
k lm • k + lm; 

tempx•xleft (kim); 
tempy•yleftlklml; 

xleft(klm)•xleft(klm+qapl; 
yleft(klm)•yleft(klm•qap); 
squares(klm)•squares(klm+qap); 
xleft [klm+qapl•tempx; 
yleftlklm+qap)•tempy; 
squareslklmtqapl-temps; 

t!•toc k•/ , ......•.•...•.... 
Try to eliminate crossing Jines 

J•tp - fopenf"dehuq•, "w"); •t 
lloh(OI·I; 
hlol (01·0; 
pr£>vx - x lett ( lml; 

no sam~ - 0; 
r LHJ - o: 
s.11nt~x1 I no samt!) - 0; 

2 

for lk•O;k<no_ col;kHI I 
k lm - k t lm; 
xpolnt(klmJ·GetProflleVlevX(vlew,Proflle_Vlew, 

xldt(klmJI; , 
ypolnt(klmJ•GetProflleVIewYivfew,Proflle_Vlew, 

ylett(klmJI; 
lflklm < max_per_rowl I 

I else I 

I 

yvallklml -bottom edve- TEXT MARGIN 
- Body Fontlnfo->helqht; 

xval(klm) • left_edQe + lwval•wv~l/ll*klm 
• wval/5 • wvat•(max_per row- no_coll/2; 

yval(klm) • top edqe + (klm/max par row -11• 
(Body Fontlnfo->helqht +TEXT MARGIN); 

xvallklml • left edqe + (wval>wval/JI;· 
(klm,max=~r_row)+wval• lmax_per_row­
no_col)/2 • wval/5; 

lf( k!•O '' xleft(klml-prevx < 0.0011 
samexrlno same)•klm; 

I /•tor k•/ 

It ( (1•·0-u xpolnt lklml< xval(kl•ll 11 

ltoh(no same! • 1; 
htol(no-samel • 0; 
I 

(1>0 '' xpolntlklml> xval 

lr 1 (1••0 " xpolnt (klmJ> xval (kim) II 1 

ltoh(no_sameJ • 0; 
htol(no same! • I; 
I 

flaq • 1; 
I r 1 k no co 1 - 11 I 

no~_ same••; 
I 

1 else t 
It tflaq •• 11 no_same++; 
(laq • 0; 
ltoh(no same!•!; 
htollno-samei•O; 
samexl(no_same) -kim; 
prevx • xleftlklm); 
I 

11>0 '' xpolnt(klml< xval 

for In • 0; n < no same; n++J I 
I' fprlnt t (fp, -u; xl•U, xr•U \n-, n, samexl (n), samexr I nil; •1 
for(qap•lsamexr(n)-samexl(n)tl)/2;qap>O;qap/•2) 

forlj•qap;j<(samexrln)-samexl(nJ+li;Jtt) 
for(k•j-qap;(k>•O" ((yleft(k+umelllln)>lm) > 

yleftlk+lm+sa.axl(nJ>qapll''(ltohlnl••ll I I 
(yleft(k+samexl(nJ+l•l < yleftlk+lm 

+samexl(nJ+vap))Uihtol (nl··ll 1 1 ;k-·qapl 
kim • k+lm•samexlln); 

t•tprlntf(fp,•swap \1 \1; hlol \1 ltoh '1\n•,ttm,qap,ltohlnl,htollnll;•/ 
tempx•xleft(klm); 
t empy-y lett ( k lm I; 
lemps•squareslklml; 
x)P(t lklm)•xiPfl (klm+qap); 
yl..tt lklm)•yleft(klm+qapl; 
squares I k lm 1- squares ( k lm'<jap I; 
x!Pfl (klm•qapl•tPmpx; 
ylcft (klm•<Jap)•tempy; 
squares I k lm t Qclp 1 •t emps; 

xpolnt (klm'<J·•PI •xpnlnt (k lml; 
ypolnt (klm••J·•J•I·ypnlntlklrnl; 
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xpolnt(klmi•GetProtlleVlewX(vlew,Proflle 
xlett lk1m)l; 

ypo1ntlk1m)•GetProflleVlewYivlew,Proflle 
yleftlklm)); 

I /•tor n•l 
;•close(fp);•/ 

)l•for 1•1 

!orllndex•0;1ndex<1;1ndex++) I 
spr1ntflva1ue,"'f",squaresllndexll: 

PrlntTeatlv1ev,ava111ndeal,yva11lndex), 
vva1, hva1, va 1ue, font, fore, 
back, CLIP RIGHT); 

lfllndea >• maa_per_row 11-1<-max_per_rov)l 
yva 1 I Index I • yva 1 I Index I + Body_ Fontln fo->he lght; 
I 

XLinelvlew.self,xvalllndeal,yvalllndex), 
xpo!ntllndeaJ,ypo1ntllndeal,1,1, 

(back'fore),GXxor,AllPlanes); 
XFluah 0: 

1/"for loop•/ 

, ...•..... 
Create Racple Input 

This routine reads a ploygon In the SIHPL-DIX linked list 
and decomposes It Into an upper and lower layer. The layers 
are written to a !lie which can be used as Input to RACPLE. 

Revised 10/13/88 EMS 

Bugs: Sometimes It falls to print out the second layer 
1 think there Is a buq In one of the possible 

Cases. 

......... , 
createRacplelnput lf11ecnt,Poly,xleft,zleftl 

I nt f II ec nt ; 
slmpiPolygon •Poly; 

float •xfeft, •ztett; 

fiLE •tp; 
floatPath •pathptr; 
flo~t xmln#xm~x,zmln,zmax,xMaxz,xmlnz; 

float xmaxzm,~lnzm; 
float xhead,zhead; 
float xOI~OO),z01500); 
r I oat x 1 I ~00 I , z11500 I; 
r I oat x 71 ~00 1 , z21 ~00 I; 
I nt I, 1. k; 
lnt head loc,dPQen edge; 
char fllenam••(80(; 
tnt count, fxmln, lxmax, lxm<~xm, lxmlnm; 
tnt numbPr pt sl,numht"~r p1 s7; 

I •,.,. • .. • • • 
( ind X itnd l PKt rf•ma 

amln - 1000.0; 
xmax • -10.0; 
xmaxz • -10.0; 
amlnz - -10.0; 
xmaxzm • 1000.0; 
xmlnz• • 1000.0; 

zmln • 1000.0; 
zmax • -10.0; 
count - 0; 
pathptr • Poly->path; 
xhead • pathptr->polnt.x; 

zhead • pathptr->polnt.y; 
while lpathptr !• NULL) I 
xO(count) - pathptr->polnt.x; 
zOicountl • pathptr->polnt.y; 

lflpathptr->polnt.x >• xmaxll 

I else I 

If (count ! • 0 " pathptr->polnt .x •• xmax) I 
lflpathptr->polnt.y >• xmaxzJ I 

1 xmax • count; 
xmaxz • pathptr->polnt.y; 

I else lflpathptr->polnt.y <• xmaxzm) I 
1 xmaxm • count: 
xmaxzm - pathptr->polnt.y; 

I ><max • count; 
1 JUnaxm - count; 
xmax • pathptr->polnt.x; 
xmaxz • pathptr->polnt.y; 
xmaxzm • pathptr->polnt.y; 

Jt•tr pathptr •t 
lflpathptr->polnt.x <· xmlnl I 

I 

lf(count!• 0 '' pathptr->polnt.x •• xmlnl I 
lflpathptr->polnt.y >· xmlnz) I 

lxmln • count; 
xmlnz • pathptr->polnt.y; 

I else lflpathptr->polnt.y <• xmlnzm) 
txmlnm - count; · 
xmlnzm • pathptr->polnt.y; 

else I 
lxmln • count; 
lxmlnm • count; 
xmln • pathptr->polnt.x; 
xmlnz - pat.hptr->polnt.y; 
xmlnzm • pathptr->polnt.y; 

1/"lf pathptr•t 
lf(pathptr->polnt .y >• zmax) 

zmax- pathptr->polnt.y; 
lflpathptr->polnt.y <• zmlnl 

zmln- pathptr->polnt.y; 
palhptr • pathptr->next; 

count t +; 
/•whllf' •; 

c1Ptermlne r£>}.lt \Ve !OC.lt fon Of head V{"ftPX 

and cornPr points. 

If (lxmln-·lxmlmn u lxm,rx--lxrn.lxm) (deqen l'dqe • 1; 
1 else 1f(lxmln ...... txmtnm} ldt><JPn •~dqt~"" 1; 

t-lsf> If ttxrn,,x .... txrn.,xrn) jrlpqt>rl P•IIJP .. ); 

•·I Sf' l d~·(p•ll l'dl)P - f); I 
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lf(xhead -- xmln ''ahead-- aaln1l 
h .. d_loc • 0; 

I else 
lf(xhead •• xmax ''ahead-- xaaxzl 

head_loc • 2; 
I else 
lf(xhead •• xmln '' zhead •• xmlnzml 

head _loc • 6; 
I el•e 
lf(xhead •• xmax '' zhead •• xmaxzm) I 

head_loc • 4; 
)else 

It ( lxmln > lxmax u lxmlnm > lxmaxm I( 

headloc • 1; 
I else 
If( lxmln < lxmax u lxmlnm < lxmaxm I ( 

head loc • 5; 
I else 

1 15:54:34 1988 

If( deqen edge •• 0 I I deqen edqe •• 11 ( 
- lr lxhead •• max u tzhead < xmaxz u zhead > xmaxzm) I I 

head loc • 3; 

I else 
If( deqen edqe •• 0 I I deqen edqe •• 21 I 

lf(xhead •• xmln ''(zhe~d < xmlnz '' zhead > xmlnzm)) ( 
head Joe • ~,, 

switch (head_locl 
case 0: 
case 6: 
case 1· 

number_pts1 • lxmax - lxmln +1; 
number_pts2 - lxmlnm - lxmaxm +1; 

lf(head loc •• 61 I 
-number_pts2 • count - lxmaxm +1 

for(k•O;k<number pts1;k++) I 
x1[k) • xOIIxmln .. l; 

z1[kl • zO(Ixmln+kl; 

for(k•O;k<number pts2;k++) 
lf(head_loc•:6) lxmlnm•count; 
x2[k) • xO(Ix•lnm-k); 
z2(kl - zO[lxmlnN-k); 

lf(head 1oc 

break; 
case 2: 
cast!' 1: 
case 4: 

6)1 
x2[0)•x0(0); 
z2(0J•z0(0); 

t• needs patch for case 2•1 

ruJmiJ<>rpt.sl • lxmax - lxmln +1; 

numtK-r pt s] - txmlnm - txmt~xm •l; 

for (k•O;k<number pts2;kt • I I 
x71kl • xOIIxmlnm-kl; 
Tl(kl - zOIIxmlnm-kl; 

4 

for(k·O;k<number_pts1;k++) 
x1[k) • xO(IxmlnH); 
z1 [kl • zO[Ixmln+k); 

break; 
case 1: 

number pts2 • lxmlnm - lxma11111 + 1; 
number-pts1 • lxmax + count-lxmln + 1; 

for(k•O;k<number pts2;k++l I 
x2[kl • xO[lxmlrua-kJ7 
z2[kl • zO[lxmlnm-k); 

for(k•O;k<number pts1;k++) 
lf(k < count-ixmln) I 

x1(k) - xO(lxmln+kl; 
z1(kl - zO[lxmln+k); 

I else 
xl(k) • xO(k-(count-lxmlnl); 

break; 
case S: 

z1(k) • zO(k-(count-lxmlnl); 

number pt sl - lxmax - lxmln + 1; 
nuiiiber_pts2 • lxmlnm • (count-lxmaxm) • 1; 
for (k•O;k<number_ptsl;k+<) I 

xl(kl • xO[Ixmln+k); 
zl(k) - zO(Ixmln+kl; 

for (k•O;k<number pts2;k++) I 
If (k <• lxmlnml 1 

I else I 

x71kl • xOIIxmlnm-k); 
z2[k) • zOIIxmlnm-kl; 

x2[k) - xOicount-(k-lxmlnmll; 
z2[kl • zO[count- (k-lxmlnm) I; 

I 

break; 
default: 

number pt sl•1; 
number-pt s2•1; 
xl[OJ-99.99; 
zl[0)•99.99; 
x2[0)•99.99; 
z2101·99.99; 

break; 
/*switch•/ 

•xleft • xmln; 
•zleft - xmlnz; , .........•....................•............... , 

1• write layer Information to f11 format file •1 , .......••............. _ ....................... 6., 
sprint f (f llename, "RACPLE~ Input.\ )•, t llecnt); 

fp • fopenlfllename,"w"l; 

t•••••••wrtte first layer to file•••••••••••••••; 

Add Po I nt.stol.ayer (X}, z 7, 'number pt s7) ; 
fprlntf(fp,"\n \10.61 \10.61 \10.6f \10.6f\n", 

xmln, xm.JX, zmtn-zmax-0.1, 0.1); 

fprlnt f ilp,"\lO.H \n ",7.0); 
fpr\nt f (fp, "\lO.fd \n•, l.o•numbt-!r pts7); 

for (l~·O;)c:.nurntH•r r~t~~};)fl) 
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fprtntflfp,••to.6t '10.6f\n",x2(11, 
&2(11 -zmax ); 

/ 6 ••••••vrlte •econd layer to flle*************/ 
AddPolntsto~yer(x1,al,,nu.ber_ptsl); 

fprlntf(fp,"'l0.6( \n•,t.O•number pts1); 
for (j•O;j<number_ptsl;j++)( -

fprlntf(fp,•,l0.6( '10.6(\n",x1(j), 
zl(j)-zmax ); 

(close (fp): 

!/*Create Racple Input•/ 

AddPolntsto~yer(xx,zz,nn) 

float 111 Xx,•zz; 
tnt •nn; 
I 

float epa; 
float mlnlenqth; 
lnt 1,1, tlg,dbqcnt; 
float xnew(500),znew(500); 

mlnlength- fabs(xx(•nn-11 - xx(0))/20.0; 
eps - 0.0001; 
xnew(OI - xx(OI; 
znewiOI - zz(OI; 
1 • I; 
dhqcnt • 0; 
whlleldbqcnt<lO)( 

dbqcnt + +; 
1-1; 
flq - 0; 

I 

for(l•l;t<•nn;l+t) I 
lf(fabs(zz(IJ-zzll-ll)<eps '' fabs(xxll(-xxll-lll>mlnlengthll 

fig • I; 

jH; 

I 

xnewljl•lxx(ll+xx(l-1()/2.0; 
znew(j(•(zzll(+zzll-1()/2.0; 

x new ( ll•xx Ill ; 
znew( j)·zz(ll; 
jH; 

1 r 1 r 19 -- 11 1 
for(l-1;1<1;1++) I 

xx I ll•xnew I II; 
n(ll•znew(ll; 

/''"''patch to eliminate small sharp spikes 

from RACPLE Input '''''''/ 
lf(1<1-111 

5 

lf(fabslxnewllnl-xnewll-111 < mlnlenqth/3.5" 

( znew I I -I I< znew II I ) " 

I 
I 

"'nn - ); 
~Is<' r<'turn(O); 

I"",.""",. • "" • 

I z new II • I I< znew II II I I 
zz( I I • (zn~wll-1 I +znew(ltl))/2.0; 

This routine calls RACPLE with the appropriate Input 
file. Output Is sent to RACPLE OUtput.f 
The Output file Is read and the number of lateral 

squares for the first layer Is returned ' 

revised 10/11/88 EWS 

.....•••.•.. , 
RunRacple(fllecnt,output data) 
float •output_data; 
I nt f 11 ecnt; 
I 

riLE •tp; 
riLE 'fp2; 
tnt !dum; 
char str(11),atr2(11; 

char command(BO); 
char Racplel801; 
char debugl80),outflle(80J; 

char message_strlng(BOJ; 

sprlntf(message strtng,"Runntng RACPLE 
Prompt(messaqe_strlng); 

lf(RACPLE_Path !• NULL) I 
strcpyiRacple,RACPLE Path); 

else I 
strcpyiRacple,DF.r_:_RACPLF._PATHI; 

U •, fllecnt); 

/'strcpy(Racple,"/users2/edscheck/DEVlCESIH/racple/racple");'/ 

sprtntf(command,"'s < RACPLE Input.\! > RACPLE Output.\!•, 
Racpl e, fll ecnt, fllecnt I ; -

system(command); 
/' sprlnt((debuq,"debug.\l",fllecntl; 

fp2 • fopen(debuq,•w•); 
fprlntf(fp2,"\s•,command); 

(close(fp2); '/ 
spr lnt f (out flle, "RACP LE _Output. \1 •, fllecnt) ; 
fp- fopen(outflle,•r•); 
fscanflfp,"\1 \11c \f \1c•,,tdum,str,output data,str2); 
/'fscanfl(p,"\f",output_data); '/ -
!close l(p); 

1/*RunRacple'/ 

, •.....•.•...... , 
Dlsplay_Nonplanar Etch() 

!•··············; 
dlxVIewport view; 
Pixel fore,back; 
Font Info •font; 

F'ILf. •tp, •topen(); 
float xmx,xmn,ymx,ymn,nlns; 

float no pt.s; 
tlo~t. xxl,yyl,xx2,yy/; 
lnt I, J.xl,yl,x?,y7; 

view • I>! X Vlewport.(ll; 
hilck - Rackqr(}um1 Color .plxP.I; 

forP - r(,rf'qround Co)or.plxt>l; 

font .. Body • ont I nl o; 
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!p- !open(-sAHPLE_netchf77• 1 •r•); 
tscanf(fp1 •tftftftt•1 1X.n1 1xmK 1 1ymn,lymx); 
fscant(fp,••r-,lnln•l: 
for (j•O; j<nlns; jH) ( 

read a line seqment 

fscant(fp,••r• 1 1no_pts); 
fscanf(fp,••r•t• 1 1xxl 1 1yyll; 
yyl - (Profile Bound.top + yyll; 
xl - GetProflleVlewX(vlew,Pro!lle Vlew,xxl); 

yl • GetProflleVIewY(vlew1 Proflle Vlew,yyll; 
for(l•l;l<no_pts;l++)( -

!scan! (fp 1 •tn r• 1 ux2, lyy2); 
yy2 • (Profile Bound.top + yy2); 

x2- GetProflleVlewX(vlew,Proflle Vlew,xx21; 
y2 • GetProflleVIewY (view, Proflle=:vlew,yy2); 

draw It to screen 

6 

XLlne (v lew. sel r I xl, yl, x2, y2 I 1, 1 I (back A r ore) • GXxor I 1\llPlanes); 
Xrtush(); 

xl - x2; 
yl - y2; 
)!•tor t•t 

)/*for j*/ 
fclose(fp); 
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/*F17Layen.c 
Routines used to run non-planar 
etch simulation ~lth SAMPLE 

*Edward N. Scheckler Dec. 1, 1981 

9 16:29:38 1988 

•copyrlqht (CI 1988 u.c. Berkeley SAMPLE Group ., 
flnclude "SIKPL.h" 
tlnclude "SIKPL Hacros.h" 
llnclude •Local~h" 
llnclude <stdlo.h> 

typedef struct layers 
float ll(500J; 

float z(500J; 
char layer_typa(lSJ; 

lnt number_pta; 
LAYERS; 

static LAYERS layer array(301; 
static lnt number_layers; 

static POLYGONPTR top_poly_list[JOj; , ....................... , 
Run_nonplanaretch(l , ....................... , 

riLE •tp; 
char command(IOOJ; 

char Samplel_7[100J; 

GLprlntf("1n1tiallz1nq for nonplanar etch"); 
lf(-1 I• Write SAHPLEnplnrlll I 

sprintf(Samplel_7,~/users2/edscheck/b1n/sampJel. 7•); 

I It de! UNIX 
GLprlntf("runnlnq SAHPLE1.7 ••• "); 

sprint! (command,"'• < 51\HPLE_nonplanar > SAHPLE_nOutput•, Samplel_7); 
system(commandJ; 

sprlntf(command,"mv -f f17punch7 SAHPL£_netchf77"1; 
system(commandl; 

lendlf 
I 

Run nonplanar update(tlaq) 
lnt-flag; -
I 

riLE 0 fptr; 
char YORN [l I; 
char command(lOOJ; 
If (flaq••lll 

Redefine_Profile(); 
I else I 
fptr- fopen("temp aave•,•r•l; 
Read_Data21fptrj; -
!close I fpt rl; 
I 
sprlntt lcommand,"rm -f temp save" I; 
system (comrn,ndl; 

, ••••••••••• 1111 ............ , 

PPde! lne Pro! II ell 
I" • • • • • • • • • • • • • •" • • • • • • *I 

<OORiliNATFS tpiiOO!lj,t>t 110001; 

1 

I nt ntp, nbt; 
lnt i, j; 
fiLE •tp; 
float xmx,xmn,zmn,zmx,nlns,nntp; 

t• 

,. 

fp • fopeni"SAHPLE netch!77•,•r•J; 
rscanflfp,"\f'f'f't",,xmx,,Kmn,,zmn,,zmnl; 
fscanf(fp,"\f",,nlnsl; 
for (j•O; j<nlns; jHJ I 

I 

fscanf(fp,"\f•,,nntp); 
ntp • t•nntp; 

tor(I•O;I<ntp;i++JI 
l!(j••JJ I 
!scan! (fp, •uu•, 'bt 1 ij.x, 'bt [iJ. z); 
nbt • ntp; 
I else I 

!scan! (fp, "\f\f•, Up(lj.x, Hp(lj.zl; 

!close (fp); 

!or(i•O;I<layer array(JI.number pts;i••l t 
bt(ll.x-- Jayer_arcay(JJ.x(ll; 

bt ( I I . z • 1 aye r _array (31 • z (I I ; 

nbt • Jayer_array(Jj.number_pts;•t 

if(layer_array(2j.layer_type •• NULL)•/ 
spclntf(layec_array(21.layer_type,•PsG•J; 

New_Top_Poly(tp,ntp,bt,nbt,layer_array(21 .layer_typeJ; 

1/*Redeflne_Profl!e•/ 

, ......•................ , 
Get_ Layers II 

This routine extracts the profile stored In SIHPL-2 and 
Interprets it as a series of layers which can then be written 
to a S~HPLE plot file In f11punch1 format. 

It Is also used to write an Input file for S~MPLE nonplanac 
etch 

BUGS - destroys SIHPL-2 data structure 
This has been remedied by saving profile In a data file 
so that It can be reloaded at the end of this routine. 

························! 
FILE tfplr,tfopen(j; 

I nt I, j; 
POI.'tGONPTR top polyqon,tmpl polyqon,top2 polygon; 
POL'tGONPTR Flnd __ Polyqon(I,Flnd top polyll; 
VERTEXPTR 
Vf.RTEXPTR 
VFRTEXPTR 

top_ v,top} v; 
tmpl v; 
Gf't Left Top(); 

char 'Write sav<>lll<>ll; 
char prPv low:;: f J {">/; 

char Hi!l<•rlal n.JmPj!~l; 

ch.t r • s.tve namP; 
('h.lr '> n.tmPIROI; 

c t1.t r Y () P t~ I t ! ; 
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char layerflle naMe[l4)1 
float xleft[JO),arlght[lO),zleft[lO); 

float top z,top2 z; f* hlohest point In layer •t 
float bottom_of_polyCI; , ....... . 

save SIMPL data structure since 
subsequent code vlll destroy lt. ........ , 

fptr- fopen(•temp_save•,•v•); 
Write_savefile2(fptr); 
close(fptr); , .......•..•...•..••..•.•.......•....• 

The Layer• are extr•cted by readlno the top contour, and 
then deletlno the polygon whlch make up the top 
contour vhich also shares the same material type as the top 
most vertex. This continues untll the substrate is reached. ...•...•................•............ , 
i•O; 

for(;;) 
I 1 • 0; 

top2 z•O.O; 
top_z-0.0; 

top_polyqon • NULL; 
top2 polygon • NULL; 
tmpl-polygon • NULL; 

tmpl v -Get LeftTop(); 
top2 v --tmpl v;-

top v•tmpl v; 
while (tmpl v->xz.x < xmaxl 1 

ltlstrcmpltmpl_v->bMtrl,•AJR•)••OI 

) else I 

layer array(l).x(jl - tmpl v->xz.x; 
layer-array(il.z[j++) • tmpl v->xz.z; 
atrcpy(previous,tmpl v->aHtrl); 
Hove(,tmpl_v,tmpl_v->aHtrl); 

layer array[i).x(1J - tmpl v->xz.x; 
layer-array(l).z(j++J - tmpl v->xz.z; 
if(strcmp(tmpl v->aHtrl,prevlous)••OI 1 

strcpyCprevious,tmpl v->bHtrll; 
Hove(,tmpl_v,tmpl_v->bHtrJ); 

I else I 
atrcpy(previous,tmpl v->aHtrl); 
Hove(,tmpJ_v,tmpl_v->aHtrl); 

if(tmpl_v->xz.z > top z) I 
top_z - tmpl v->xz.z; 
top v - tmpl_v; 

top_polygon-- Find_top_polyltop v); 
I 

tmpl polyqon- Flnd_top_poly(tmpl_v); 
llltop __ polygon !• NULL) I 

If ( strcmp(top_polyqon->Name, 
tmpl polygon->Name) !•0) 1 
t• flnd top of this polygon */ 

lf(tmpl v->xz.x > top7_z) 1 
top2 z - tmp1 v->xz.x; 
top} v - tmpl v; 

l np7 poI ygon - f I n<l top poI y ( 1 op2 v l ; 

J /"wid ie•/ 
/"' rt~.ut tn last VPTtPx•t 

2 

layer_array(ll .x111 • tmpl_v->xz.a; 
Jayer_array(ll.z(j++l - tmpl_v->u.z; 

lf(bottom_of_poly(top_polyqon) <bottom of_poly(top2 polygon)) 1 
top_polyqon - top2_polyqon; 

strcpy(layer_array(l).layer_type,top_polyqon->Namel; 

if(strcmp(top polyqon->Name,"Sl"l••O) 
- xleft[il•xmln; 

xriqht ( il•xmax; 
break; 

Flnd xmln and xmaxltop polyqon,,xleft(ll,,xriqht(ll,,zleft(ill; 
top_poly=llat(il : top_polyqon; 

Delete_Polyqon(top_polyqon); 
1++; 

number_layers - 1•1; 
1• tptc • !open(•temp_save•,•r•); 

Read Data21fptr); 
tclosel!ptr); •t 

, ......... , 
float bottom_of_polylplyptrl 

POLYGONPTR plyptr; 
I 

tl oat bottom; 
VERTEXPTR tmpv; 
int 1 ; 

1t(plyptr •• NULLI I 
returnl-100.0); 

bottom • 10000.0; 
plyptr->Nvertex • Count_Vertlces(plyptr); 
tmpv • plyptr->HeadVertex; 

tor(l-1;1< (plyptr->Nvertex); iH) ( 
lt(tmpv->xz.x < bottom) bottom • tmpv->xz.x; 
Hove(,tmpv,plyptr->Name); 

ret urn (bottom); 

t••·······l 
POLYGONPTR Flndtop poly(top_v) 

VERTEXPTR top_v; 
I 

POI.YGONPTR find Polygon (),top polygon; 
char Material n~me(l5J; 

If (Other (top _v->aMlr I, "AIR") --TRUE) ( 
strcpyiMaterlal namP,lop v->aMI rl); 

) else \f(OthPr(top v->bMtri,"'AIR")~-TRlJ[)( 
strcpy(HatPrla.l_namP,top v--..tJMt rl); 

) P.ls<> !f(Othf'r(top v->cMiri,"AIR")•·TRU[) 
strcpy1Hat~rl.:t1 namP,top v->cMt rl); 

) e) Sf' ( 

SlmF.Klt ("i•rrur rlndlrHJ t(lp polyiJr>Tl typp 1 '"); 



F77Layers.c Frl Dec 9 16:29:38 1988 

I 

top_polyqon • Flnd_Polyqon(top_v,Materlal_name); 
return(top_polyqon); 

, ............................••... , 
Write SAMPLEnplnr() , ....•................•....••••••. , 

lnt I, j; 
fiLE • fp, • fp2; 

float rate,steps,atarttlme,etchmodel; 
lnt lsteps,lstarttlme,letchmodel; 
char askstrlnq(BOI; 

Get Layers II ; , ......•.......•....•.•••.••••••....••....•..•. , 
t• write SAMPLE Input file for nonplanar etch •t 
;··············································! 

If (number layers> 511 

I 

- GLprlntfi"Too many layers for this version of SAMPLE"); 
return 1-1 I: 

GLprlntfC"creatlng nonplanar Input file"); 
tp • fopeni"SAHPLE nonplanar•,•w•); 

fprlntflfp,•etchnumlay- 'd ;\n",number layers); 
for ll·number_layers-l;i>•O; 1--1 I -

If (I •• 0 I I 
fprlntf(fp,•etchprof\n"l: 
I elSe I 

fprlntf(fp,•nonplanar 'd\n•,number_layers- I -1 J; 

for lj•O; :!<layer array( IJ.number pts; j++J I 

3 

IC(! 1)!•0 u(layer array(ll.xlll•:layer array(IJ.x(:J-11 
''layer arrayflJ.zJj):•layer arrayfll.zfj-l)))Jf 

fprlntf (fp,•uo.6r \10.6f\n",layer arrayfll.xi:JI. 
-1.0*(layer_array(l).zl:JI -zmax) ); 

fprlntf(tp,• : \n"); 
I 

t• sprlntf (askatrlng,"Etchmodel (see SAMPLE user guide) "I; 
Ask (ask st rl ngl; 
Answer _Float_Proc(askstrlng,,etchmodel); 
letchmodel - 1*etchmodel;*/ 
letchmodel • l; 
tprlnlflfp,"etchrate• 'd ",letchmodel); 

for (!•number layen-1;1>•0; 1--11 
sprlntftaskstrlng,•etchrate for \s, layer \d (um/sec)", 

layer_array(number_layers-1-IJ.layer _type, I); 
Ask (ask string); 

Answer Float Proc(askstrlng,,rateJ; 
Cprlntf((p,"-'10.6f •,rate); 

fprlntf(fp,• ; \n"); 
fprlntf lfp, "elchplot I 0 0;\n"l; 
!print! l!p,"elchwlndow \10.6f ;\n",xmax-xmln); 

lprlntl(fp,"t>tchaccur 1 ;\n"l; 
spr tnt f (askst r lnq, "t lmest ep ln secon<ls"}; 

Ask (asks! r I nq I ; 
Answl'!r f'loat Pror{.1skst rlnq,,st..lrtt lm.-.); 
sprlnt.t(.lskstrtnq,•numb~r of siPps"}; 

Ask la&ks! rln<O; 
Auswf•r Floaf Prnc(ilskst rlnq,,st f'P!>); 

t ~t t'p5 - J •st f'r1s; 

lstarttlme • l•starttl~e ; 
fprlntf(fp,•etchtlme 'd ,d, 'd;\n",lstarttlme, 

lstarttlme•lsteps,lateps); 
fprlntflfp,•etchrun ;\n"J; 
fprlntflfp,•end ;\n"J; 

fcloseCfpJ; 
GLprlntf("SAMPLE_nonplanar written•); 

, .......•••.. , 
Flnd_xmln_and_xmaxCpoly_ptr,xleft,xrlght,zleftl , ............. , 
, •......•.. 
Routine to find the leftmost point and rlqht most 
point of a polygon and return the x-coordlnate values 
of those vertexes .............. , 

struct Polygon •poly ptr; 
float •xleft,•xrlght~•z!eft; 
( 

struct Vertex •tempVertex; 

•xleft • 10000.0; 
•xrlqht • 0.0: 
•zleft - o.o; 

If (poly ptr->HeadVertex !• NULL) ( 
- tempVertex • poly_ptr->HeadVertex; 

do I 
lf(Hove(,tempVertex, poly_ptr->Name)••OJ; 
lfltempVertex->xz.x < •xleft) I 

•xleft • tempVertex->xz.x; 
lt(tempVertex->xz.z > •zleft) I 

•zlefl • tempVertex->xz.z; 
I 

lfltempVertex->xz.x > •xrlghtll 
•xrlght - tempVertex->xz.x; 

whlle(tempVertex !• poly_ptr->HeadVertex); 



Appendix C 

Catalogue of useful C functions in SINfl'L-DIX and STh.1PL-2 listed according to their use. 



Catalogue or ~ruJ C functions in SIMPL-2 

This compilation lists several functions in SIMPL-2 which are useful for designing interfaces wilh 
olher programs. A brief summary of the purpose of each function is listed along with its location in the 
SI:MPL-2 source code. The version heading indicates whether a function is include in the release ver­
sion (R), or was developed subsequently by Alex Wong (ASW) or by Edward Scheckler (EWS). For a 
complete description of the function consult the comments in the source listing for SIMPL-2. The func­
tions -listed here are grouped in the following categories: 

Traverse a string, locate something in the data base 
-Alter the data base 
Test for a condition 
Utility functions 
Prompts and communication with user 
Load/Save 

Function Name 

Traverse, locate 

Get_LeftTopO 
Returns a pointer to the venex 

at the top left of the profile. 

Get_RightTopO 
Returns a pointer to a vertex 
at the top right of the profile. 

Location 

String.c 

String.c 

Find_Polygon(Vertex,Name) String.c 
Returns a pointer to a polygon of a given name 
which contains the specified vertex. 

Move(Vertex,Material) String.c 
Moves to the next vertex on the polygon with 
the given material name.(Moves clockwise). 

Move_Back:ward(Venex,Material) Slring.c 
Moves counterclockwise around the polygon 

to next vertex with given material name. 

Get_LeftPolyO String2.c 
Returns pointer to the top left polygon. 

Get_RightPolyO String2.c 
Returns pointer to the top right polygon. 

Fmd_Last_PolygonO String3.c 
Returns pointer too the last polygon in linked 
list data structure. 

Fmd_top_poly(V ertex) F77Layers.c 
Returns pointer to the polygon with the 
given vertex as long as one of the material 
names stored in that vertex is AIR 

Version 

R 

R 

R 

R 

R 

ASW 

ASW 

ASW 

EWS 
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Get_LayersO F77Layers.c 
Extracts profile and stores it in an array as a series 
of layers. 

Find_xmin_and_xmax(Polygon,xl,xr ,zl) 
·Finds x and z coordinate of lcfanost vertex 
and x coordinate of righunost vertex 

Alter Data Base 

F77Layers.c 

Delete_Polygon(Polygon) String.c 
Removes polygon from data base. 

Separate_Polygon(Polygon) String.c 
Removes polygon pointer without changing the 
linked vertexes. 

Insen_Polygon(Polygonl ,Polygon2) String.c 

Insens a polygon node Polygon! following 
the node Polygon2 

Append_Polygon(Polygon) String.c 
Append Polygon to last polygon in data structure. 

Polyize_AirO 
Makes AIR into a polygon 

Renarne_Polygon(old_name,narne, Vertex) 
Renames a polygon 

String3.c 

String3.c 

Merge_PolyO String3.c 
Merges all polygons which touch and are of same 
material type. 

Del_Dup_PolygonO 
Deletes duplicate polygons. 

One_D _Search_ or _Insen(V ertex,name,position) 
Search for a venex with given x position 
if not found, insen a vertex. 

String3.c 

String.c 

Two_D _Search_or_Insen(Vertex,x 1 ~ l,x2,z2,p,q,name) String.c 
This function scans through the edges between vertex 
p and q following 'name' and finds the crossing point 
with the line segment (x1~l),(x2,z2). 

Insert(Vertex 1 ,Vertex2,Vertex3,name) String.c 
Insens Vertex 1 between Vertex2 and Vertex3 
following name. 

Link(Vertexl,name,Venex2) String.c 
link Vertex pointer 1 with 'name' to Venex pointer 2. 

EWS 

EWS 

R 

R 

R 

R 

ASW 

ASW 

ASW 

ASW 

R 

R 

R 

R 
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Delete_Link(V ertex,name) String2.c 
Deletes a link to a vertex of given 'name' 

Delete_LinktoV(Vertexl,Vertex2) String3.c 
Deletes a Jinlc between vertex I and 2. 

AIRi.ze_Sil'ing(V en.ex 1, Vertex2.name) String.c 
assigns AIR to vertices along a string. 

Write_a_AIR(venex) String.c 
Fills vertex material names with "AIR" 

Delete_Mtrl(name,Vertex) String.c 
Set pointer at a give name in Vencx to NULL 

Add_Mtri(V ertex 1, Vertex2,name) String2.c 
Set pointer in Venex 1 to point to Vertex 2 
with given name. 

Substitute(V enex.name1 ,name2) String.c 
Change name of pointer in Venex. 

Rename(Venex1,Vertex2,name,name) String.c 
Rename the string between Vertex 1 and Vertex 2. 

New_ VertexO 
Returns a new venex with null pointers 

New_PolygonO 
Returns a new polygon with null pointers 

Copy_ Vertex(V ertex l,Venex2) 
Copies a vertex. 

String2.c 

String2.c 

String2.c 

Del_BadHeadVenex(array _of_ venices,integer) String3.c 
Cleans up a list of venices with a bad head vertex. 

Redetine_ProtileO F77Layers.c 
Takes last contour in SAMPLE_netchf77, and uses it 
to update the profile after a nonplanar etch simulation. 
Not yet fully implemented. 

Test for information 

Count_ Ven.ices(Polygon) String.c 
Counts the number of venices in a polygon 

Count_Polygons(Root_Polygon) String.c 
Counts the number of polygons in the data base 

Which_Node(V enex 1, V enex2,name) String.c 
Find pointer in vertex containing 'name' 

Inside _Poly gon(fi ag.Pol ygon .x.z) String.c 

ASW 

ASW 

R 

R 

R 

ASW 

R 

R 

ASW 

ASW 

ASW 

ASW 

EWS 

R 

R 

R 

R 



Determines if point is inside given polygon 

Is_ Th.;re(N arne, Vertex) 
Checks if there is 'name' in vertex. 

Material 01 erte x .name) 
_Checks if there is an adjacent material 
wh.ich is not AIR or BNDR 

Other( name l ,.name2) 
Checks if material name is othc: \.hen 

nil, BNDR or AIR 

Verify(Polygon,name,error) 
Traces through the polygon to test if the 
polygon is well formed. Error string set 

. 4 -

String.c 

String.c 

String.c 

Soing.c 

Fuli[Venex.) String.c 
Returns TRUE if vertex pointers are all assigned 

Thiclcness[Vertex,name) Soing.c 
Returns floating point thickness of a polygon 

Test_Segment[V ertex 1, V ertex2.namc) String2.c 

Test_Connecl(V ertexl,Venex2) String2.c 

Test_ Connect_Mtrl[V ertex 1, Venex2,name) String2.c 

Two_Same[Vertex) String3.c 
Test if there are two materials of the same 
name in a vertex. 

Empty_ Vertex[Vertex) String3.c 
Tests if vertex is empty 

Test_Cyclic[Ven.ex l,Vertex2,name) String3.c 

Utility 

Free_Polygon(Polygon) String.c 

Free_ Vertex[Ven.cx) Soing.c 

Free _Mask(1vfa.sk) String.c 

Free_Block(B lock) String.c 

Prompts 

GLprintf(char _saing) Graphics_Utils.c 
Prints a character string to the display 

Ask( char _string) Graphics_ Utils.c 

R 

R 

R 

R 

R 

R 

ASW 

ASW 

ASW 

ASW 

ASW 

ASW 

R 

R 

R 

R 

R 

R 



- 5 -

Used to generate a prompt to the user. 

Answer_Float(request.answer) Misc.c 
Get answer from user. convert to floating point 

Answer_Up_Proc(request,answer) Misc.c 
-Get answer string from user, convert to upper case 

~er_lntegerrequest,answer) Misc.c 
Get answer from user. convert to integer 

Load/Save 

Write_SavefileO Write_Data.c 
Saves data base in a file 

Read_DataO Read_Data.c 
Loads data base from a file 

Write_Savefile(fp) Write_Data.c 
Save data in file indicated by file pointer fp. 

Read_Data2(fp) Read_Data.c 
Load dal.a from file indeicated by file pointer fp. 

A Few Useful Routines aod Global Variables iD SIMPL·DIX 

GetYesOrNo(message) prompt_control.c 
Prompts the user to click Yes or No with the mouse. 

GetProfile View X( viewport.profile,x) 
Used to translate x coordinate to an integer 
describing position in the viewport 

GelProfileViewY(viewport,profile,y) 
Similar to above 

PrintText(variable list) 

SIMPL_PolygonRt 
Global variable for start of linked list 

containing profile data in SIMPL-DIX 

view _control.c 

view _control.c 

graphics_control.c 

SIMPL-l source files which were altered for this project: 

R 

R 

R 

R 

R 

EWS 

EWS 

R 

R 

R 

R 



Deposition.c 
Do_Process.c 
Et.ching.c 
Read_Data.c 
Write_Data.c 
F77Layers.c (new file) 

. 6 . 

SIMPL-DIX source files which were altered ror this project: 

command_control.c 
dix_main.c 
dix_action4.c (new file) 
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